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ABSTRACT 


U-Pb, RbjSr and KeAr geochronology of several Archaean rock 
units in the Slave Province establishes a sequence of events which may be 
treated as a single tectonic cycle. The oldest rocks (* 2650 my.) are 
calcealkaline to tholeiitic basic pillow lavas, which pass upwards into 
intermediate lavas and pyroclastics in two cycles to give a total thick- 
ness of 7000 to 40,000 feet. They were probably extruded on oceanic~type 
crust as there is no isotopic evidence for pre-existing sialic segments, 
Unconformably overlying the volcanics are polymictic conglomerates and 
quartz greywackes with turbidite characteristics. 

Since the 875/865, initial ratios of the volcanics and syn- 
late kinematic Kenoran intrusives are similar, the basaltedacite association 
is probably the early extrusive expression of the subcrustal processes 
which led to the intrusion of calc-alkaline batholiths into the deforming 
volcanic-sedimentary pile. 

Concordant ages of 2620-2640 my. are recorded for the syn- 
kinematic quartz diorite batholiths and 2590-2610 my. for the major late 
kinematic bodies, Pegmatitic adamellites (+ 2575 my.) are the youngest 
plutonic units and may be the product of partial anatexis of the Yellow- 
knife Group metasediments, Regional metamorphism of the andalusite- 
Sillimanite facies reflects the relative unimportance of load pressure 
in the thin-crustal Kenoran deformation, 

Comparison of the results obtained by the three radiometric 
methods indicates that an interval of over 100 my. may elapse between the 
time of emplacement of a given rock unit and the subsequent closure of the 
K-Ar system. The sequence of apparent K~Ar mineral dates is in accord with 


the relative argon retentivities of the various minerals. 
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CHAPTER I 
INTRODUCTION 


Application of the radiometric methods of isotope geology 
to a relatively well-studied area of the western Canadian Precambrian 
Shield may be expected to yield a more complete picture of the geological 
evolution of the area than that obtained by previous field and laboratory 
studies. 

This thesis presents the results, interpretations and 
conclusions of a geochronometric study of two critical areas within 
the Archaean Yellowlnife subprovince. Selected samples were collected 
during three months field work in order to obtain radiometric results 
which may be interpreted within the framework of previous geological 
work, 

The initial problems posed at the outset of the investi- 
gation were determination of the age of the Yellowknife Group and of 
the plutons which intrude it and clarification of the time-stratigraphic 
position of the "unclassified conglomerate" horizon. Results from the 
investigation bear on. the larger problems of the tectonic evolution of 


the area and the concept of orogenic cycles. 


Location, Geography and Access 
Yellowknife is situated on the north shore of Great Slave 


Lake (see Fig. 1) approximately 700 miles north of Edmonton, Alberta. 
The areas in which field work was carried out are shown in greater 
detail in Figs. 3 and 4, 


The country is almost flat when viewed from the air, but 
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is rugged in detail. Numerous lakes reflect the youthful drainage 
pattern imposed by Pleistocene glaciation. Drift is sporadically 
distributed as ground moraine boulders, perched blocks, modified esker 
sand plains and lake clays. Glacial striae indicate an ice movement 
from north-east to south-west. 
Although outcrop is of exceptional quality, musket-filled 
depressions may obscure important structural features. Diabase dykes 
and faults are often recognised as lineal depressions from aerial photo- 
graphs and identified on the basis of a few scattered outcrops. 
Yellowknife is accessible by road from Edmonton except for 
a few weeks at spring "break-up" and autum "freeze-up". Commercial 
air services have a regular schedule into an all-weather air strip located 
on a sand plain west of the town of Yellowknife and charter planes operate 


from Yellowknife Bay using floats in summer and skis in winter. 


Methods 
The decay schemes of the radioactive isotopes used in this 


study are listed in Table l. 


Table 1. Radioactive systems used in this thesis 
Probable THA ard 

Dauthie lid Parent Half-life of uncertainty ES ae. sien + 

enemas PC C22 nuclide parent, years in half-life, "°°.° ing sho 

percent atomic percent 
4Oca (PB decay) Ox 1.306 x 10? 5 0.0119 
4Oar (K-capture) 
4 5.0 x 101 
sex 

87Sr 87Rb (4.7 x 1010) *« 5 27.60 
207 pp 235y 7.13 x 10° 1 0.720 
206pp 238y 4.51 x 107 0.5 99.27 


* Aldrich et al. (1956) 
** McMullen et al. (1966) 
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Geochronology is based on the primary premise that if the 
amount and rate of decay of the radioactive parent nuclide and the amount 
of the radiogenic daughter nuclide can be determined, the time taken to 
accumulate the radiogenic daughter nuclide may be calculated using the 
fundamental decay equation representing a process of the first order. 


bred She\ 1 (where N is the no. of atoms of the original 
dt parent nuclide remaining after time t.) 


M (where N, is the original number of atoms of 


Integrating, N= Noe 
; , the parent nuclide and \ is the decay constant.) 

N 
thus VY.7=°e 
Since geological time is measured backwards from the present and 


we = ne Stank (where D and P are superscripts representing 
daughter and parent nuclide respectively.) 


thus yw = poe a, 
and w = Bae ea, 
N 


yw 


" 40k ae 
solving fort, t= . In. (1°+ 1 


4O 


Because of the dual decay scheme for ~K, the previous equation becomes: 


1 yet Oar 
t= + 
ee ae cm coe 
The half-life of the parent nuclide is related to the decay constant in 


the following manner: 


i¢ wD = wP or nP = NG 


The t calculated from the decay equation will be the age of 
the phase being measured provided the phase has been a closed system 
since its formation. Five other criteria are listed by Rankama (1954, 
pe 110). The rate of decay of the radioactive nuclide must be know, 


and of a favourable magnitude, the sample measured must be representative 
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of a known geological phase and analytical methods must be accurate. 

The amount of daughter product incorporated in the phase at the time of 
formation should be known and nonequilibrium amounts of any radionuclides 
intermediate in the decay scheme should be absent. The isotopic compos- 
ition of the parent nuclide should be known and constant through time 

and through the range of materials studied if the abundance ratio is 
used in calculating the amount of parent nuclide. 

The development of geochronology from the first publication 
by Boltwood (1907) has been reviewed by many authors (e.g. Faul, 1954 and 
Hamilton, 1965) and will not be repeated here. Important penthdsulaions 
were made by Holmes (1913, 1929 and 1931), Aston (1933) and Nier (1938) 
in the pre-World War II period. The rapid development of potassium~argon 
and rubidium-strontium methods immediately after the War came as a conse~ 
quence of greatly improved mass spectrometer instrumentation. 

The individual methods of U-Pb, RbjSr and K-Ar geochronometry 
and their specific application to the problem at hand are described in 


Chapter III. 


Previous Geochronology 


The first age determination carried out in the Yellowknife 
district was that of Keevil, Jolliffe and Larsen (1942), who used the 
helium method to date a whole rock sample of the South-east granodiorite. 
Helium leakage is thought to be responsible for a too young age of 1200 
mye In 1952, Larsen, Keevil and Harrison reported a lead-alpha activity age 
of 904 my. on a zircon concentrate separated from a marginal phase of 
the South-east granodiorite, Folinsbee (1955) applied the radiation 


dosage method of Hurley and Fairbairn (1953) to the same sample of zircon 
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and obtained an age of "2380 my. with a rather high probable error", 
Russell and Cumming (1955) revised the lead model dates on galena samples 
reported by Russell et al. in 1954 to an average value of 2255 my. 
Subsequent lead model data by Robertson (1966) on galena and pyrite 
samples from veins in the greenstone belt yield a much older date of 
2860 my. 

K-Ar age determinations made by Folinsbee and his co-workers 
(Folinsbee et al., 1956) led to the conclusion that there was no significant 
difference in age between the "older" hornblende diorites and "younger" 
muscovite granites, The K-Ar biotite dates reported by Folinsbee are 
2330 and 2340 my. (approximately 2290 my. if the presently accepted 
decay constants are used). 

The extensive program of KeAr dating carried out by the 
Geological Survey of Canada was the next contribution to the geochronology 
of the Slave Province. Twenty nine K~Ar dates on micas and hornblende 
are recorded in G.S.C. Papers 60-17 to 65-17, though only three dates 
are recorded from the area immediately around Yellowknife (2490, 2540 
and 2615 meye). 

Mica K-Ar dates (including those presented in this thesis) 
from the area around Yellowknife are tightly grouped around the mean 
values collated by Stockwell (1964) for the Kenoran orogeny in the Slave 
province (MM2393, M2473, MP2552 my.) and correlate well with the 
Kenoran of the Superior province. 

With the foregoing background of K-Ar dating, the Rb-Sr 
method was introduced in 1963. The first data are those of Van Breeman 
(1965). In the course of experimental work on the thermally-induced 


relocation of Sr and Rb in a block of the South-east granodiorite, 
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Van Breeman determined a mineral isochron age of 2460 my. < 4O my. 
(A87eRp = 1.47 x 107 year -l), The biotite separated from the grano- 


diorite gave a K~Ar date of 2390 my. 


aa, 
CHAPTER IT 
REGIONAL GEOLOGY 


The Canadian Precambrian Shield forms over half the surface 
area of mainland Canada, i.e. about 1.6 million square miles. This 
immense expanse of metasedimentary, metavolcanic and plutonic rocks 
was first mapped geologically in 1845 by Sir William Logan, the founder 
of the Geological Survey of Canada. Reconnaissance of the western part 
of the Shield and more detailed stratigraphic work in southern Ontario 
and western Quebec led to the early development of a two fold classi- 
fication of the rock units involved. The Archaean (older) rocks were 
seen to be separated by a major unconformity from the Proterozoic 
(younger) rocks. 

Names such as Keewatin, Timiskaming, Yellowknife ( Archaean) 
and Huronian, Great Slave and Snare (Proterozoic) have been applied to 
rock-stratigraphic units in local areas. However, the desire for corre- 
lation led to an association of stratigraphic time with the rock 
stratigraphic terms. As a result names were applied far from the type 
locality purely on the basis of lithological similarity. 

Only in recent years have radiometric determinations of 
geologic age begun to establish a basis for a Precambrian stratigraphic 
timetable. Because the early methods of age determination were restricted 
to minerals from pegmatites and granitic rocks, it was necessary to 
bracket ages of metasedimentary and metavolcanic sequences by deter- 
minations on the associated intrusive rocks and on the underlying basement. 
Recently developed methods, including Rb-Sr whole rock geochrometry, have 


greatly enlarged the scope and applicability of isotope geology such that 
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large regions may be characterised by geological evolution within a 


given time span. 


Geologic Provinces of the Canadian Shield 


Subdivision of the Shield into a number of provinces based 
on their lithological similarity and relative age of folding was first 
attempted by M. E, Wilson (1939, 1941). Gill (1948, 1949) proposed 
names for the structural provinces and classified subprovinces in terms 
of mountains, plains and belted plains (Gill, 1949, p. 63). These terms 
are used in a palaeogeographic rather than topographic sense. J. T. Wilson 
(1949a, 1949b) brought forward a similar division of the Shield based on 
geophysical properties and the trends of foliations and major lineations, 
Using the limited number of radiometric dates available at the time, Wilson 
explained the distribution of provinces in terms of a continental accretion 
hypothesis. 

Reconnaissance K-Ar geochronology by the Geological Survey 
of Canada firmly established the regional subdivision of the Shield on a 
basis of ages of folding, major igneous events and accompanying metamor~ 
phism (Stockwell, 1964). Maxima in the distribution of K-Ar ages indicate 
three main orogenic periods, the Kenoran (circa. 2500 m.y.), Hudsonian 
(circa. 1700 my.) and Grenville (circa. 950 my.). 

In general, a province is characterised by KeAr dates repre- 
senting the youngest orogenic event. However, an increasing body of 
evidence from geological and Rb-Sr and U-Pb radiometric methods indicates 
the presence of multiple orogenic events in parts of the Superior, 
Churchill and Grenville provinces. 


Fig. 2 shows the major structural provinces of the Canadian 
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Table 2. Time - stratigraphic classification for the Canadian 


Shield showing standard MM (mean minus 


one standard deviation) 


horizons for K-Ar mica dates related to the main orogenic 
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Shield. The boundaries are based on the most recent compilation of K-Ar 
ages (Wanless et al. 1967, Fig. 1). The Precambrian time scale and 
division of rock stratigraphic units proposed by Stockwell (1964, table III) 


is reproduced as Table 2. 


Slave Province 

The Slave Province was first defined by Gill (1948, 1949). 
The original southern boundary was placed at the north shore of Lake 
Athabasca (Gill, 1949, Fig. 3). Modern usage of the term is restricted 
to an area bounded by Gill's Snare Mountains and Slave Lake Mountains, 
Je T. Wilson (1949) retained the term Yellowknife Province for a similar 
area. 

Jolliffe (1952, p. 142) introduced the term Yellowknife 
subprovince to include the territory extending north of Great Slave Lake 
for 200 miles. Because of gold mineralization, the Yellowknife sub- 
province has been geologically mapped in considerable detail. Among the 
most important references are Geological Survey of Canada reports by 
Jolliffe (1936) , Henderson (1939), Henderson and Brown (1949, 1952), 
Lord (1942), Fortier (1947), Folinsbee (1947), Moore (1956), Boyle (1961), 
and Baragar (1966), <A detailed structural analysis of the boundary 
between the Slave and Bear Provinces is provided by Ross and McGlynn 


(1963, 1965). 


Geology of the Yellowknife and Ross Lake-Redout Lake districts 


There are many similarities between the two districts and 
the table of formations reproduced below (Table 3) may be applied to 


either area with little modification. Figs. 3 and 4 show the geology 
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TABLE OF FORMATIONS 


Table 3. 
(Precambrian) - extensively modified from Boyle, 1961 
Age Formation Description Remarks 
Diabase dykes 
Granite, granodiorite (Hudsonian) 
PROTEROZOIC Nepheline-sodalite syenite 
Diabase, picrite-gabbro (see Leech, 1966) 
dykes 
Snare Group Finely bedded, alternating (see Lord, 1942, 
siltstone and shale and Ross and McGlynn, 
metamorphic equivalents. 1963) 


Dolomite, arkose 


UNCONFORMITY 


Redout Lake, Prosperous 
Lake granites and associ- 
ated pegmatites 

Western granodiorite 
(?Ross Lake granodiorite) 
Stock Lake stock, aplites 


(?South-east_granodiorite) 
ARCHAB AN Quartz feldspar porphyries 


Second phase of metadiorite 


and metagabbro intrusion 


Yellowknife Group Greywacke, argillite, 
Division B phyllite quartzite, etc. 
and their metamorphic equi- (Overlie Div. A with 
valents. Dacite, trachyte, apparent regional 
rhyolite, quartz porphyry, conformity) 
pyroclastics and their meta- 
morphic equivalents. 
Unclassified 
(Stratigraphic 
position 
uncertain) 


Conglomerate and quartzite 


bag) a Se ER | SON TE CE OAS aE OL x Oe i i ee 
__(#South-east granodiorite) _(Folinsbee et al. 1908) 
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and metagabbro intrusion 
Yellowknife Group Basalt, andesite, dacite 


Division A rhyolite, cherty tuff and 
their metamorphic equi- 
valents 


(?Ross Lake granodiorite) (Baragar, 1966) 
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REGIONAL GEOLOGY, 
YELLOWKNIFE AREA 
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Nodular Quartz—Mica Schist and Hornfels 


Dacite , Trachyte, Rnyalite, Qtz 


Quartzite 
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Fig. 3. Regional geology, Yellowknife area, Northwest Territories 


(after Boyle, 1961) 
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of the respective districts. 


Yellowknife district 

The oldest rocks presently exposed are the Yellowknife Group 
metavolcanics and metasediments. Boyle (1961, p. 172) has postulated that 
a large mass of sediments once lay below the metavolcanics of the Yellowknife 
Group but there is no field evidence to support this concept. 

The Yellowknife Group is divided into two divisions; Division A 
includes metabasalts, meta-andesites, metadacites and associated pyroclastics 
while Division B includes greywackes, argillites, quartzites, arkoses, 
tuffs and conglomerates and their metamorphic equivalents together with 
intermediate and acid metavolcanics and pyroclastics. 

Conglomerates and quartzites (unclassified in Table 3) occur 
along the contact of Divisions A and B, Their stratigraphic position is 
controversial, but they are cut by the oldest diabase dyke set (Set 1, 
Leech, 1966) for which K-Ar ages of at least 2100 my. are obtained. The 
contact of the unclassified conglomerates with Division A rocks is dis. 
tinctly unconformable while the contact between Divisions A and B, though 
obscure, is thought to be regionally conformable. The presence of granite 
boulders in the conglomerate suggests that the Kenoran orogeny may be 
preceded by an earlier orogenic event, 

Mafic sills, dykes and irregular masses intrude Division A 
but are rarely found in the sediments of Division B. The acid volcanics 
of Division B are intruded by irregular hornblende diorite sills. 

Plutonic masses ranging in composition from quartz diorite 
to muscovite granite intrude the Yellowknife Group. Three major bodies 


occur in the Yellowknife district; the South-east granodiorite on the 
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east side of Yellowknife Bay, the Western granodiorite flanking the 
metavolcanics on the west side of Yellowknife Bay and the Prosperous 
Lake Granite on the east side of Prosperous Lake. A wide contact 
aureole surrounds the Prosperous Lake granite and evidence of assimilation 
of basic volcanics marks the borders of the other bodies. The Stock 
Lake stock (Kelly, 1964) and smaller offshoots at Pud Lake and in the 
underground workings of the Con mine are considered to be satellites 
of the Western granodiorite. A small stock east of the north end of 
Walsh Lake carries abundant disseminated arsenopyrite. 

Quartz feldspar porphyries cut the metavolcanics and carry 
angular fragments of the metavolcanics and the Western granodiorite. 

A composite picrite-gabbro sheet along the line of the 
Hay-Duck fault (see Fig. 3) and three sets of diabase dykes (Wilson, 
1949, Leech, 1966) are the only post-Kenoran Precambrian rocks in the 


Yellowknife district. 


Ross Lake ~ Redout Lake district 

In this area there is also controversy as to which are the 
oldest rocks. Both Fortier (1947) and Henderson (1941) thought that 
the gneissic granodiorite to the east of the Yellowknife Group was 
intrusive into that Group. Baragar (1966, p. 13) suggests that the 
gneissic granodiorite may be older than the metavolcanic rocks of the 
Yellowknife Group. The field evidence bearing on this problem is 
discussed in the section "Cameron River area", 

Overlying the metavolcanics at the south end of Ross Lake 
is a narrow belt of conglomerate (with calcareous lenses) which appears 


to be structurally conformable with the underlying metavolcanics. North 
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of Ross Lake no conglomerate is found and the volcanic sequence passes 
without apparent break into the greywackes, slates, quartzites and 
metamorphic equivalents of the Yellowknife Group (Division B). 

Swarms of hornblende gabbro dykes intrude the metavolcanics 
and the gneissic granodiorite. Their strike is consistently slightly 
west of south, essentially parallel to the foliation in the granodiorite, 
The interbanded complex of granodiorite and dykes is intruded by the 
Redout Lake granite and its associated pegmatites. Two sets of diabase 


dykes cut all previous rock units. 


Yellowknife Group 
The term Yellowknife Group was first used in its presently 


accepted sense by Henderson (1939). It includes volcanic and sedimentary 
divisions which are older than the Kenoran granitic intrusive rocks, 
Bell (1929, p. 18) had applied the term "Yellowknife series" to the 


rocks exposed near the outlet of the Yellowknife River. 


Division A 

In describing intermediate to basic rocks in the Canadian 
Shield, it has been customary to apply the terms andesite and basalt 
on a basis of colour with an implicit inference that more exact 
terminology would class them as meta-andesite and meta-basalt. Many 
grey or light green lavas have been mapped as andesites when they are 
pale in colour because of the development of epidote, amphibole, 
chlorite or carbonate minerals during metamorphism. For example, 
Brown (1949, p. 16) classified the metavolcanic sequence in the 


Yellowknife area as 96% andesite on the basis of modal minerals whereas 


PLATE 1 


(a) Pillows in Yellowknife 
Group, Division A meta- 
volcanics, near Giant 
Yellowknife mine office. 
NOTE: Undeformed pillows, 
in greenschist facies, 
tops towards the top of 
the picture. 


(b) Deformed pillows in 
Yellowknife Group, Division 
A metavolcanics, northeast 
of Long Lake. 
NOTE: Amphibolite facies, 
selvedges replaced by 
quartz and K-feldspar, 
some pods of introduced 
calcite. 


(c) Acid pyroclastic unit, 
Yellowknife Group, Division 
A, 400 yds west of B shaft, 
Giant Yellowknife property. 
NOTE: This is referred to 
as the Brock horizon; 
other units are massive, 
porphyritic dacites. 


-18.. 


a classification on the basis of normative minerals shows basalt 49% 
quartz, basalt 6%, andesite 27%, latite 34, dacite 8%, and quartz latite 
7h, (Baragar, 1966). Any attempt to classify ancient lavas in terms of 
a chemical classification based on unmetamorphosed flows involves the 
assumption of isochemical metamorphism. 

Exposures of metavolcanic rocks in the area west of 
Yellowknife Bay form one of the thickest, continuous sections in the Canadian 
Shield. Henderson and Brown (1952) record at least 22,000 feet of nearly 
vertical flows and Baragar (1966, p. 12) reports over 40,000 feet of 
section including gabbro sills. The base of the section is cut off by 
the Western granodiorite. 

Massive and pillowed flows which generally face south east 
and dip steeply east form most of the volcanic sequence. Original 
structures are often perfectly preserved. Pillows averaging 1 foot to 
2 feet in maximum diameter are particularly well preserved (Plate 1). 
Flow contacts are commonly marked by a layer of flow breccia and 
irregular top surfaces may be filled by an overlying tuff band. Pillows 
have $ inch to 3 inches of darker-coloured, fine grained rim with a 
structureless, slightly coarser-grained centre. Massive flows are 
coarseregrained than the piitowed flows and are difficult to distinguish 
from the sills which intrude the volcanic sequence, 

Variolitic pillow lavas are valuable marker horizons, 
Spherules from these flows may reach a diameter of one inch and weather 
as white resistant nodules in the dark green pillows. The four most 
continuous variolitic horizons are the Yellowrex flows, Negus flows, 

Fox flows and the Stock flows. Each of these is described in detail 


by Henderson and Brown (1952) and in unpublished mining company reports. 
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In thin section the basic flows are composed of a preponderance 
of secondary minerals, Hornblende and chlorite form more than 50% of the 
rock, plagioclase and epidote form approximately 30 to 40% and accessories 
include carbonates (calcite and ankerite), sericite, biotite, apatite, 
magnetite and quartz, Where it is possible to determine the composition 
of the original plagioclase, it is andesine to labradorite, 

Dacites are well exposed along the Giant road approximately 
@ mile N.W. of the new Yellowknife town site. These were sampled in 
detail because of their expected favourable Rb/Sr ratio, The dacites 
have been termed the Townsite or Brock flows. The total thickness of 
this horizon (lower acidic layer of Baragar, 1966) is over 1,200 feet, 
but the section is interrupted by a thick metagabbro sill. The more 
acid flows are markedly porphyritic with a particularly fine-grained 
matrix. 

On the outcrop described previously (near the new town site) 
the most acid rocks are only slightly altered. Thin sections show fresh 
phenocrysts of plagioclase (Any) and occasional quartz. The groundmass 
is a fine-grained recrystallised mixture of plagioclase, quartz, biotite, 
chlorite with minor carbonate, sericite, epidote, apatite, magnetite, 
pyrite and zircon. 

The lower part of the Townsite series of flows is more 


basic and at least one horizon shows pillow structures. 


Pyroclastic rocks occur mainly in the upper part of the 
volcanic pile. Breccias and agglomerates may be as much as several 
hundred feet thick (e.g., between Jackson and Vee Lakes), but average 
5 to 10 feet in thickness, Tuffs range from crystal tuffs to cherty 


tuffs and commonly show graded bedding. Although most tuff beds are 
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thin (1 inch to 2 feet) and concordant with the lavas, some larger 
bodies of cherty tuff form irregular masses which appear to transgress 


the regional strike (e.g. near the Crestaurum mine shaft). 


The Cameron River volcanic belt runs northwest from Ross 
Lake and then follows the Cameron River (Fig. 4). It ranges in width 
from a few hundred yards to over two miles. The flows are vertical or 
dip steeply southeast, but they face northwest and thus are overturned. 
A striking ridge of rhyolite (quartz latite) trends parallel to the 
Cameron River. This discontinuous layer occurs in the upper part of 
the volcanic sequence, Intermediate and acid rocks comprise as much as 
1,400 feet of the total thickness of 7,000+ feet (Baragar, 1966, p. 13). 
Although pillowed flows occur, they are less common and more 
deformed than those in the Yellowknife area. The effects of metamorphism 
are also more severe, and Edie (1949) describes the basic rocks as andesine 
or oligoclase ~ amphibolites. A review of the thin sections prepared 
by Edie confirms the crystalloblastic texture of many of the basic rocks. 
Some recrystallised tuffs are thought to have contained pelitic material 


because of the large amount of biotite produced on metamorphism. 


Division B 
Division B of the Yellowknife Group includes two series of 
rocks (Divisions B and C of Jolliffe, 1942). Immediately overlying the 
lavas of Division A is a thin (2,000 to 6,000 feet, Folinsbee, 1942) 
Series of interbanded acidic flows and sediments. These pass with 
apparent conformity into the argillites and greywackes which make up the 
greater proportion of Division B. The relatively unaltered sediments 


of Division B pass abruptly into assemblages of quartz-mica schists, 
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commonly knotted, around the Prosperous Lake Granite. Graded bedding 


(Plate 2) is a distinctive feature of the greywackes. 


An unconformity is developed locally along the boundary 
separating the rocks of Division A from the rest of the Yellowknife 
Group. On a regional scale the contact appears to be conformable. In 
most exposures bedding in the basal conglomerate and overlying arkosic 
quartzite departs less than 15° from the strikes of the flow contacts 
in the overlying lavas. 

The peace for local unconformity rests largely on the 
position of the unclassified conglomerate described in the next section. 
It is the author's opinion that the conglomerate forms the base of 
Division B but evidence to the contrary is presented by Henderson and 
Brown, 1952. In order to simplify the description of Division B, it 
will be assumed that the unclassified conglomerate and immediately 


overlying beds are correctly placed at the base of Division B. 


Acid volcanics overlie the basal conglomerate and quartzite. 
These are mylonitized and are extensively altered to carbonates. Along 
the southern shores of Walsh Lake, porphyritic hornblende diorite ?sills 
intrude the acid flows. The basin (and northern extremity) of Walsh 
Lake are marked by soft argillites which are probably younger than the 
acid volcanics on either side. Shearing along the Walsh and Hay-Duck 


faults is responsible for the extensive alteration of this series, 


The upper part of the Yellowknife Group consists of a great 
thickness of interbedded greywacke, argillite and slate. The greywacke 
weathers grey or buff, is fine to medium grained and individual beds 


vary from a few inches to as much as 5 feet in thickness. Quartz is 


PLATE 2 


(a) Quartz greywacke beds, 


(b) 


Yellowknife Group, Division 
B, near Burwash Point, east 
side of Yellowknife Bay. 
NOTE: Graded bedding (tops 
to the left of the picture), 
vertical attitude. 


Detail of erosional sole= 
structures at the base of 
graded beds. Although the 
vertical disposition does 
not allow a 3-dimensional 
view, it is likely that the 
groove casts are accentuated 
by load casting. 


- 


the predominant mineral but chlorite, sericite, feldspars and carbonates 
are important constituents. Groove casts are common sole markings and 
some show the effects of load casting giving rise to delicate flame 
structures. Commonly a single bed grades from greywacke to argillite 
without evidence of a break in sedimentation. Some greywackes have 
included fragments of the underlying argillite beds. Argillites are 

dark in colour, very fine grained and range up to six inches in thiclmess. 

The relatively unaltered sediments pass gradually into 
quartz mica schists as the sharply-defined nodular zone is approached. 
Biotite is developed in place of chlorite. 

The first appearance of andalusite knots marks the outer 
limits of the nodular zone. Knots, strictly porphyroblastic minerals, 
are most abundant in the finer grained argillaceous tops of graded beds. 
Other porphyroblasts include andalusite (commonly chiastolite), garnet, 
poikiloblastic cordierite, staurolite and sillimanite. Folinsbee (1942) 
suggests that the type of porphyroblast depends on the composition of 
the host rock rather than on relative proximity to the intrusive body. 

A retrograde thermal episode has reduced many of the porphyroblasts to 
micaceous aggregates pseudomorphing the outline of the original minerals 


and so permitting their identification. 


Unclassified Conglomerates 


Conglomerates of controversial origin occur in both 
Yellowknife and Ross Lake areas, It should be noted that a similar 
problem exists: in the Superior Province (Bass, 1961, Boutcher et al., 
1966) and in Finland (Sederholm, 1931, Eskola, 1941). 


The controversy centres around the presence of "granite" 
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pebbles in the conglomerate. If the "granite" pebbles come from an 
older terrain (perhaps equivalent to the Laurentian granites of the 
Minnesota region) then there is no objection to the placement of the 
unclassified conglomerates and associated quartzites at the base of 
Division B of the Yellowknife Group. However, the evidence for un- 
conformity at the base of the predominantly sedimentary section is 
confined to limited areas such as at the south end of Walsh Lake, at 
the head of Yellowknife Bay and possibly east of Ross Lake. Other 
exposures of unclassified conglomerates occur on the Sub Islands and 
the west section of Jolliffe Island. 

Henderson and Brown (1952, p. 19) base their conclusion 
that the conglomerates are post Yellowknife Group on: (1) the contrast- 
ing lithology (i.e. quartzite with cross bedding versus greywacke with 
graded bedding), (2) contrasting structural relations with the under- 
lying rocks, and (3) relations with metagabbro dykes and sills, Each 
line of evidence will be considered in turn. 

(1) The lithology of the unclassified conglomerates is 
distinctive. On the Sub Islands, well rounded pebbles and cobbles of 
metavolcanics, metagabbros, porphyries, chert, sodic granite, argillite, 
slate, ferruginous carbonate, jasper and vein quartz make up as much as 
70% of the exposed surface of the conglomerate horizons. Exposures on 
Joliiffe Island are similar except that the matrix is schistose and 
elongation of the softer pebbles is noticeable. The proportion of 
granite cobbles decreases to the north and the amount of elongation 
becomes more extreme. 

Just north of the head of Yellowknife Bay the conglomerate 


varies from 10 to 200 feet in thickness and contains "stretched" cobbles 
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up to two feet in length. Here the maximum elongation is nearly vertical 
and as much as 8 times the intermediate dimension which trends approxi- 
mately north. The average trend of the minimum dimension is east - west 
and the length of this axis is approximately one third or one half the 
intermediate axial dimension. 

Examination of 11 thin sections from cobbles thought to be 
granitic in the field showed only three which could be clearly recognised 
aS plutonic acid or intermediate rocks. The remainder were acid porphyries. 
At the south end of Jackson Lake, a diligent search failed to locate any 
Noranite"™ pebbles or cobbles, 

Immediately overlying the conglomerates are quartzites with 
well developed cross=bedding. When returned to the horizontal from their 
present almost vertical orientation, the cross-bedding in the quartzites 
indicates a source to the south. 

Henderson and Brown argue that the contrasting lithology of 
the unclassified rocks and Division B indicates "entirely different 
conditions of deposition and, hence, probably different periods of 
deposition", The lithology of the unclassified rocks is not dissimilar 
from that of the Snare Group although limestone is the basal member in 
most Snare Group exposures (Ross and McGlynn, 1963). The possibility 
that the unclassified conglomerates were an outlier of infolded Snare 
Group rocks was entertained briefly but discarded for the following 
reasons: (a) the unclassified rocks are folded and metamorphosed and 
there is no radiometric evidence for a Hudsonian event corresponding to 
the deformation of Snare Group rocks in the Yellowknife Bay area, (b) 
the unclassified conglomerates and quartzites are cut by the oldest 


diabase dyke set on the west side of Banting Lake (114°17'35"E, 62°37!N). 
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(2) Henderson and Brown state that "it seems unlikely that 
sedimentary rocks of the same age, in areas within less than a mile of 
each other, would exhibit entirely different structural relations to an 
old erosion surface", Comparision with younger suites suggests that a 
parallel situation is found in some young "eugeosynclines" (Kay, 1951) 
which are thought to be geanticlinal volcanic island arcs rather than 
geosynclinal basins. Minor unconformities and conglomerates of local 
provenance are characteristic of such an environment and the angular 
magnitude of an unconformity is not a reliable criterion of its geo. 
graphic or temporal extent. 

(3) The third argument used by Henderson and Brow is based 
on contemporaneity of metagabbro and metadiorite sills and dykes. Although 
the unclassified conglomerates rest with marked unconformity on some of 
the metagabbro dykes and sills, there is no reason for rejecting the 
possibility of a second, post conglomerate, phase of basic intrusion. 
Folded mafic intrusions are not as common in Division B as they are in 
the Division A metavolcanics. The most striking example is that at 
Tibbitt Lake, 7 miles S.S.W. of Ross Lake (Fortier, 1947). Since at 
least three phases of diabase dykes were emplaced during the Proterozoic 
(Leech, 1966) it is reasonable to allow at least two phases during the 
Archaean, 

The weight of evidence favours placement of the "unclassified 
conglomerate"in Division B of the Yellowknife Group and probably at the 


base of that unit. 


fads vietiicv anene 2t" | 
Yo elim 5 ond? cvel nidtiw eset Lig ith “% 
me oft anotislon Letudournte saeeteRRes vlentine Ste 
a tadd efeosnue aedbie roneoy eihiee paneer We 


(TROL pyek) “"centfionysoésve" aay sro of pet he ape 
_ f 
ee 


r Fs toe « Ps 
oth omme ms 


sie 


nedt tedje1 com baelet oineoloy Jantiottuaey 
favol to redsteaolgnos, has pel tinrio me jns =i ft 
“elirane ei? bie, dmemtoxivne om dove io » obtal 
~oen atl to acktedico eldatlet s con af pai x > 
staat. Linea 

beesd at rorord bas moatebssh yo ‘beer usta tate edt © M 


= 
Pe . 


dovottfA .eedtyb bas elite otirotbesem bas ond 


to ance mo yWimrotroon beltem ddéw oye —— 


se ben jaz 
ry, es : ' 
moteuitnat ofesd lo easdig .atetemolgnns teoq tae» Yo SEL 
ase 
—s: 


eid yniteeter rot moeset om ef oserit vaitte 


es 


ot ew yodt es & softeivil mi mommoo 4s jon sis 
» 
jn tadd et olqmsxe gnidiate teom edT . 2oLoeoLoy 3 
te somke .(THCL -xekdtod) edad sacl to Weve Sekt 


tosoxesox odd autaub beosiane s1em setyb se 


add pebish secadg owt tasel ta wolls of ele 


befticeafonu" erit to tnemeos Ig, euova? eon € 
ont Ja iceDeiattiees bos nao at 


~27 = 


Early Mafic Intrusives 
Yellowknife Bay area 


Early mafic intrusives may be divided into two types: (a) 
sills and irregular intrusions and (b) dykes. Irregular intrusions 
are more common in the lower part of Division A, while the dykes cut 
the sills, irregular intrusions and the lavas. The dykes appear to 
post-date the first phase of folding suffered by the Yellowknife Group. 
Baragar (1966, p. 13) regards the sills as "basaltic flows out of 
stratigraphic position". Dykes, on the other hand, do not appear to 
be feeders to the flows (Henderson and Brown, 1952, p. 20) but are of 
similar composition, 

Two groups of sills are most important, the Kam group and 
the Townsite group. The largest Kam sill shows textural banding and 
is slightly differentiated (Baragar, 1966, p. 17). Other sills are 
difficult to distinguish from medium to coarse-grained massive lavas 
particularly in view of the commonly poor development of chilled contact 
zones. Although the Kam sills are practically confined to the area south- 
west of the West Bay fault, it is possible that the sills near the old 
townsite are their faulted continuation. In these sills, as in the 
stratigraphically lower Townsite sills and some of the irregular bodies, 
the emplacement appears to have been permissive. 

The three Townsite sills are well exposed just north of the 
present townsite. They intrude dacites of the Brock horizon and are 
coarse-grained, massive rocks with rather diffuse chilled edges. The 
central sill is porphyritic and the northernmost (lower) sill is more 
extensively weathered than the upper sills. Across the West Bay fault, 


the sills are again restricted to the Brock horizon. Detailed mapping 
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by Giant Yellowknife Mines Ltd. around Vee Lake confirms the suggestion 
made by Henderson and Brown (1952, p. 21) that these sills are displaced 
by the Akaitcho fault and extend through Vee Lake where they are associ- 
ated with pyroclastics equivalent to the Brock horizon. 

In thin section the sills are similar to the massive flows. 
Hornblende, plagioclase and epidote are the chief constituents. There is 
no trace of any original pyroxene in the form of unaltered cores or 


relict euhedra in any of the thin sections studied. 


Irregular intrusions are generally restricted to the lower 
half of Division A. They are often cut by metagabbro and metadiorite 
dykes although their margins are sharply chilled. It is probable that 
there are at least two ages of irregular intrusions. The younger group 

are well exposed on the west side of Shadow and Daigle Lakes in the 
form of coarse-grained, transgressive bodies up to 500 feet wide. 
Although the rocks appear fresh on the exposed surface, thin sections 
show extensive uralitization of hornblende while the plagioclase (Anss5) 


appears relatively fresh. Epidote forms granular patches. 


The presence of labradorite and hornblende as primary 
constituents of the early mafic intrusions makes classification of the 
rocks difficult. They lie between diorite and gabbro in terms of modal 
minerals and colour index after allowance is made for subsequent low 
grade regional metamorphism, However, the term hornblende gabbro is 
preferred because of the tholeiitic normative composition (Table 4). 
Crystallisation of hornblende rather than pyroxene, the typical mafic 
constituent of gabbros, is a reasonable possibility in a hydrous 


environment, 
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Table 4, Analyses of early mafic intrusives 


(from Baragar, 1966, Boyle, 1961 and Nockolds, 1954) 


Composite of Chilled 

metadiorite margin 

and metagabbro Kam Pt. 

dykes sill 
5i02 48.76 48.0 
Ti02 0.89 0.78 
A1203 14.63 14.7 
Fe203 1.67 1.9 
FeO 9.87 9.2 
MnO 0.24 0.14 
MgO 8.08 Lac 
Cad 9.94 9.5 
Na20 aaa Be 2 ok 
K20 0.58 0.4 
H50 2043 yc. 
H50= 0.12 " 
P2065 0.08 
COs 0.18 " 
Total 99.84 (includes 94,42 
0.24% S, Cr203 
Cl &C) 

2066.05 5,-Cl .° 0.05 ~ 
Net Total wa Rw ded 94 42 
SG. 2097 Mr 


Analyst: J. A. Maxwell 
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An 28.65 
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It is suggested by Henderson and Brown (1952, p. 23) that 
some of the irregular metagabbro and metadiorite bodies cannot be 
explained in terms of injection in magmatic form because the flow 
contacts, pillowed layers and cherty tuffs are not disturbed by the 
intrusion. Boyle (1961, p. 172-173) further suggests that the meta- 
diorite masses and dykes may represent cafemic material expelled during 
the formation of the Western granodiorite by granitization. Detailed 
mapping carried out by the writer during 1967 produced evidence to 
support both the magmatic and dioritization hypotheses, and the problem 
remains unresolved. Where the metagabbros are in contact with cherty 
tuffs (e.g. Joe Lake, Daigle Lake) it is suggested that the cherts may 
have behaved in an incompetent manner during subsequent deformation and 
the true relationships are obscured. Such incompetent behaviour in 
recrystallised cherts is a feature of geosynclinal-volcanic assemblages 
in the Phanerozoic (e.g. Franciscan Group, California, Davis, 1918, 

p. 241 and Neranleigh-Fernvale Group, Queensland, Bryan and Jones, 1962), 

Both sills and early irregular intrusions were folded at 
the same time as the Yellowknife Group. Metagabbro and metadiorite 
(hornblende gabbro) dykes and the later irregular intrusions post-date 
the first deformation of the Yellowknife Group volcanics. 

Dykes make up as much as 10% of the greenstone belt in the 
area west of the West Bay fault. In this area they strike north to 
northwest and dip to the west at 60° or less. Across the West Bay fault 
the dykes strike north to northeast and dip east at 40° to 60°, This 
remarkable difference in attitude across the West Bay fault led Henderson 
and Brown (1952, p. 24) to argue that the dykes were related to the early 


schistosity which shows a similar disparity across the West Bay fault. 
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This implies that the West Bay fault(normally regarded as a post-diabase 
or late fault) mst have an earlier component, 

The dykes range in width up to 300 feet, but are commonly 
5 to 30 feet wide. They weather green or buff-green, are dark green 
when fresh and may be particularly porphyritic. Microscopically, the 
rocks have a poikilitic texture with subhedral hornblende (40-70%) 
enclosing lath-like plagioclase (40.60%, An6é0.45) « Both major components 
are commonly altered to epidote, chlorite and sericite. All dykes have 


distinctive chilled contacts. 


Cameron River area 
It is necessary to consider the early mafic intrusions of 
this area in some detail in order to evaluate the evidence offered by 
Baragar (1966, p. 13) to support the possibility that the granitic gneisses 


east of the Cameron River are older than the Cameron River volcanics. 


The assumption on which Baragar's argument rests is that 
the "mafic dykes are assumed to be related to the Cameron River flows, 
which seems reasonable since they are roughly coincident in space and 
evidently about the same age ---", While there is no doubt that the 
sills within the Cameron River volcanic sequence are closely related in 
time to the flows, it is not necessarily true that the dykes have a 
similarly close temporal relationship with the flows. The following 
evidence suggests that the dykes post-date the main deformational phase 
affecting the Yellowknife Group and the concurrent intrusion of the Ross 
Lake granodiorite. 

(1) The flows and sills are metamorphosed to at least upper 


albite epidote hornfels facies, and the contact aureole is related to the 


PLATE 3 


(a) Metamorphosed basic sill, 
Cameron River volcanic 
belt, unit 1K of Edie, 
1949. 

NOTE; Crystalloblastic 

texture, granular plagio- 

clase (grey), quartz 

(white), biotite, opaque 

oxides, and chlorite sare 
| erey). Plain light, X 64. 
| DCG 153. 


(b) Centre of basic dyke, cuts 
Ross Lake granodiorite, 13 
miles north of N. end, Ross 
Lake. 

NOTE: Plagioclase (An 5-Anes)s 
hornblende (dark se 

minor biotite, opaque oxides 
and chlorite. 

X nicols, X 64. DCG 160A 


(c) Bent albite twin lamellae; 
Oligoclase from margin of 
Ross Lake granodiorite. 
Thin section El (Edie, 
1949). 

X nicols, X 64. 
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margin of the older gneissic granodiorite (Edie, 1949, p. 40). Thir 
sections of intrusives within the volcanic sequence have crystalloblastic 
textures, contain abundant sodic hornblende with ragged terminations, 
completely recrystallised and untwinned granular plagioclase, biotite and 
quartz. Epidote and chlorite are relatively uncommon, chlorite is a retro- 
gressive phase (Plate 3a). 

(2) Dykes within the gneissic granodiorite are fresh, have 
distinct chilled borders and are unfolded. Such metamorphic effects as 
are observed are related to the Redout Lake granite and associated peg~- 
matites. Thin sections of a typical dyke some 5 miles west of the Redout 
Lake granite border but approximately 1 mile inside the western margin of 
the gneissic granodiorite have a distinctive igneous texture. Plate 3b 
shows fresh, sharply twinned plagioclase (Any 5_55) and hornblende in the 
form of large poikilitic plates which are occasionally twinned together 
with biotite, opaque oxides, quartz and epidote. Chlorite is again a 
retrogressive phase. 

For these reasons, the writer retains the interpretation of 
Fortier (1947) and Henderson (1941). Isotope data presented in Chapter III 


is consistent with such a view. 


Plutonic Intrusives 
Western Granodiorite 
This mass extends from the contact with the greenstones 
west of Yellowknife Bay for over 50 miles to the Stagg River (which runs 
into the western end of Great Slave Lake). It is a massive, relatively 
homogeneous body ranging in composition from quartz diorite to adamellite 


(Table 5). The grain size is generally less than ¢ inch, but porphyritic 
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Table 6 ° 


less 0 = S, Cl 


Net Total 


5.G. 


Analyst: 


(en 
(fs 


Total 
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Analyses, Western granodiorite 


Composite 


Western grano- 


(from Boyle, 1961) 


of Composite 


Western grano- 


of Aplite (cuts 


grani. 


tized amphibolite, 


diorite in con- diorite 2 miles Ryan Lake) 
tact zone from contact zone 

72295 75092 78.80 
0.19 0.07 0.31 

14.11 13.46 pl” Pa as 
0.37 0,11 1.70 
1.89 baoy 0.39 
0.06 0.08 0.06 
0.56 0.21 0.62 
1.46 1.34 1.63 
4.29 214 2.10 
2.80 4.17 243 
0.69 0.69 0.27 
0.06 0.08 0.26 
0.06 0.10 0.15 
0.14 tr tr 
99.68 (includes 99.92 (includes 99.69 (includes 

0.05% Cl, 0.04% S) 0.16% S) 
Cr203 & S) 
0,01 0.02 0.06 
99.67 99.90 99.63 
2.66 2.65 2.65 
Je A. Maxwell Je A. Maxwell Je A. Maxwell 
C.1leP.W. Norms 

32.54 43.39 53-30 

16.54 24.64 14.36 
36.28 18.10 17.76 
5.96 5.99 Pell 
1.84 ery eo, 2.04 
1.39 0.52 1.54) 
2.96 dele =) 
0.54 0.16 0.55 
— me 1.40 
0.36 0215 0.59 
0.14 0.24 0.36 
Ope S 

2278 ~2277 2253 

99.63 99.89 99.54 


PLATE 4 


(a) Included angular blocks of 
metavolcanics (greenstone) 
in the marginal phase of 
the Western granodiorite,. 
Kam Lake, 2 miles S.S.W. 
of Yellowknife. 


(b) Inclusions of metavolcanics 
in the marginal phase of the 
Western granodiorite. Both 
units are cut, in turn, by 
an aplite dyke and a minor 
fault. 


S55. 


phases are developed locally. Aplite dykes up to 20 feet in thickness are 
relatively common near contacts with the Yellowknife Group. Pegmatites 
are rare, 

In the southern part of the area, contacts with the Yellowknife 
Group are sharp. To the north, the contacts become more diffuse. The 
contact zone ranges from $ mile to a few feet in width, and it is marked 
by many included blocks of greenstone (Plate 4) up to as much as 500 feet 
in size. Around Kam Lake the inclusions are angular, and show no evidence 
of reaction with the intruding magma, but on the shore of the west arm of 
Long Lake and west of Ryan Lake, evidence of assimilation is widespread. 

A fresh surface is light grey or pale pink in colour, weather- 
ing red or white. Away from the contact zone there is little evidence of 
foliation although a very weak foliation trending north-northeast and 
dipping steeply west is occasionally observed in road cuttings along the 


Yellowknife Highway. 


Modal analyses of typical rocks from this unit are presented 
in Table 5, and petrographic descriptions of the rocks used for dating 
may be found in Appendix 1. Analyses quoted by Boyle (1961, p. 71) are 
reproduced as Table 6, The nomenclature of these rocks poses a problem 
as the term granodiorite transgresses the silica - percentage boundary 
(66%) set up to separate acid from intermediate rocks in the classical 
scheme. Lindgren's (1900) original definition of granodiorite where 
K-feldspar forms between an eighth and one third of the total feldspar 
has been adopted as this corresponds to current North American usage. 
Where K-feldspar forms less than one eighth of the total feldspar and 
quartz more than 10%, the term quartz diorite is used, adamellites contain 


K-feldspar to the extent of between one third and two thirds of the total 


(a) Rounded inclusions of con- 
taminated wallrock in the 
marginal phase of the 
Western granodiorite, 400 
yds. from west shore, Ryan 
Lake. 

NOTE: Development of K- 
feldspar porphyroblasts, 


(b) Idioblastic sphene in biotite. 
Contaminated hybrid rock, 
500 yds. from west shore, 
Ryan Lake a 
Plain light, X 100, DCG 222, 


(c) Epidote porphyroblast in 
chlorite (with minor opaque 
oxides). Contaminated hybrid 
rock, 500 yds. from west 
shore, Ryan Lake. 

Plain light, X 100, DCG 222, 


ate 


feldspar. Other definitions of granodiorite are given by Knopf, 1957, 
pe Jl. 

Biotite and hornblende are common mafic minerals, and both 
were used for K-Ar dating. Biotite is often slightly chloritised, but 


hornblende is consistently fresh. 


Contaminated brid) rocks 
West of Ryan Lake and in several other localities there is 

much evidence for contamination of the granodiorite with the greenstones. 
Boyle (1961, p. 72) describes the area near Ryan Lake as granitized and 
briefly discusses the chemical changes involved in the transformation of 
amphibolite to granite. This area contains a large pod of hybrid rock 

(DCG 32) which is cut by later phases of the Western granodiorite (DCG 33). 
Smaller pods of contaminated rocks show development of feldspar porphyro- 


blasts (Plate 5a). 


Six thin sections were examined in order to trace the progress 
of the reciprocal reaction between the granodiorite and amphibolite wall 


rocks, The most prominent feature is conversion of basic plagioclase 


(An, «) to oligoclase (Ang 5) with concomitant separation of prismatic, 

yellow epidote which forms subhedral crystals as much as 3 mms. in length. 
Hornblende with the usual pleochroic scheme @= pale yellow-brown, B = yellow- 
green, xe olive green is altered to a form with blue-green Z pleochroism. 
This is partially replaced by biotite and pale epidote. Opaque oxides are 
rimmed with granular sphene, which is also scattered through the ground~ 

mass (Plate 5b). Apatite is unusually plentiful as acicular prisms, and 

the most advanced stages of contamination show introduction of nests of 


quartz. Plagioclase is partly altered to sericite. There is no development 
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Table 7. Analyses of hybrid rocks and an associated 
quartz diorite, Ryan Lake (from Boyle, 1961) 
; Granitized Grey "granite" 
Amphibolite amphibolite (cf. DCG 33) 
Si02 50.41 SrA 4 74.80 
Tid. 0.79 0.74 0.36 
Fe203 0.63 1.30 0.62 
FeO 11.65 8.54 1.40 
MnO ves 0.19 0.09 
MgO 7202 9.35 0.06 
Cad 9.48 8.65 1.96 
Na20 1.64 Too rae aS) 
K20 0.74 dee 317 
Ho0* 2.56 1.89 0.79 
H20~ 0.05 0,03 0.08 
P205 0.09 0.20 0.08 
COs 0.02 0535 0.93 
Total 100.60 100.25 100.20 
(includes 0.08% S) (includes 0.208S) (includes 0.03% S) 
less 0=S 0.03 0.07 0.01 
Net total 100.57 100.18 100.19 
S.G. 2095 2.80 2.70 
Analyst: R. J. C. Fabry R. J. C. Fabry R. J. C. Fabry 


C.1.P.W. Norms 


Qz 1.59 4.22 43.83 
Or 4,37 6.62 18.73 
Ab 13.87 Weep 24.10 
An 31.96 24.14 Jie 
Co ~ ~ 36 65 

(wo Se 99 6.37 = ) 
Di (en Pay at 3.80 ae 

(fs aly 2.24 oe) 
y (en 14.71 19.48 0.15) 
Y (fs 16.83 11.50 1.63) 
Mt 0.91 1.88 0.90 
aa 1.50 1.41 0.68 
Ap 0.21 0.47 0.19 
Ca 0.05 0.08 212 
H20 2.61 1.92 0.87 


PLATE 6 


(a) Screens of amphibolitized 
volcanics and gabbros 
invaded by Western grano= 
diorite. 

North shore, Long Lake. 


(b) Polymictic conglomerate, 
Sub Islands, Yellowknife 
Bay. View is slightly 
oblique to the bedding 
plane which dips steeply 
east (Specks of orange 
lichen suggest a small 
amount of calcareous matrix). 


(c) View southwest from Bush 
Pilots monument. Yellow- 
knife Group metavolcanics 
in foreground, Yellowknife 
Bay in middle distance 
(right) and new town of 
Yellowknife in far distance. 
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of K-feldspar until the conversion of hornblende to biotite is complete. 
This usually occurs within a few inches of the contact, Complementary 
evidence of reaction lies in the decreased K-feldspar content of the 
granodiorites adjacent to the mixed zone and the presence of ragged 
xenocrysts of biotite. 

The reactions described in the previous paragraph bear a 
remarkable similarity to those found in the classical locality of Lake 
Manipouri, New Zealand (Turner, 1937) and the border of the Coast Range 
batholith (Waters, 1938). Similar rocks (appinites) have also been 
investigated by Deer (1950) who favours a hybrid origin for marginal 
diorites because of the presence of two varieties of hornblende (the 
second of which is in equilibrium with acid plagioclase) and textural 


inhomogeneity. 


Analyses of the amphibolite country rock, contaminated 
(granitized) amphibolite and granodiorites quoted by Boyle (1961, p. 72) 
are reproduced as Table 7 where they show clearly the effects of intro- 


duction of silica, alkalies and phosphorous into the amphibolite. 


? 


Additional field evidence for marginal contamination of the 
Western granodiorite is seen on the northwestern shore of Long Lake. Here 
granodiorite is intruded along the prominent northerly striking foliation 
in the amphibolites (Plate 6). This zone of intrusion is about 50 yards 
wide and persists inland for 200 yards. The mixed zone is replaced along 


strike by a zone of biotite ~ hornblende rich pods within the granodiorite. 


Stock Lake stock 


This body is ovoid in shape, 5,000 feet by 2,000 feet in size 
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and thought to be an apophysis of the Western granodiorite. The stock 
has been described in detail by Kelly (1964) and the following description 
is a summary of his work. Stock Lake stock intrudes Division A of the 
Yellowknife Group approximately 13 miles north of the town of Yellowknife. 
Modal analyses from over 100 samples indicate a compositional 
range from quartz diorite to quartz monzonite (adamellite). A slight gap 
exists between the two extreme modal compositions. Contact effects are 
minimal as the stock intrudes the contact zone (almandine-amphibolite 
facies) of the Yellowknife Group metavolcanics. 


Modal analyses of three typical rocks are reproduced as 


Table 8. 
Table 8, Modal analyses, Stock Lake stock 
K77 K182 DGG 50 
Quartz 32.2% 26.2% 36.6% 
K~feldspar 4.2 12.6 34.0 
Plagioclase 56.0 58.0 27.0 
Biotite Spr 60 2.0 
Sericite 1.0 0.1 0.6 
Opaque oxides 0.2 0.1 0.6 
Apatite * 4 0s2 
Other minerals 302 = Re 
100.0 100.0 100.0 
Quartz diorite Granodiorite Quartz monzonite 
(Adamellite) 


South-east granodiorite 
This body occurs on the east side of Yellowknife Bay, is some 


40 miles in maximum width and intrudes the volcanics and sediments of the 
Yellowknife Group. The western section has the composition of a quartz 


diorite and contains many metavolcanic xenoliths, but the greater part of 
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the mass is a biotite-bearing granodiorite,. 

Van Breeman (1965) used a block of typical biotite granodiorite 
for Rb-Sr thermal migration experiments. An accurate mode made by Van 
Breeman from 11 thin sections is reported below together with a mode of a 
more basic phase. Analyses of the two rocks are also recorded (Folinsbee 
et ale, 1968). 

The analyses are noteworthy for their high soda content and 
are more akin to trondhjemites than normal granodiorites. There is, 
however, no justification for adopting the generic name as the colour 
index is somewhat higher than that usually assigned to trondhjemites (= 10%). 
The term tonalite is avoided in this thesis because of the very different 
restrictions on composition placed on this term by various authors. The 
original tonalite (Monte Tonale) contains quartz as an essential, but 
minor modal constituent (<10%), Johannsen (1931), however, does not 


restrict the amount of quartz and stresses the near absence of K~feldspar. 


Because of the generally concordant nature of the contacts, 
with sediments and volcanic rocks dipping steeply away from the granodiorite, 
Buddington (1959, p. 705) interpreted this body as a pluton of the mesozone,. 
As such, the South-east granodiorite was thought to have been emplaced into 
both the volcanics and sediments of the Yellowknife Group. It has recently 
been suggested (Folinsbee et al., 1968) that the sodic granodiorites were 
emplaced and unroofed before deposition of the unclassified conglomerate 
horizon, There is no doubt that boulders of the South-east granodiorite 
form a substantial part of the clastic fraction of the conglomerate horizon 
in the Sub Islands. If these outcrops are stratigraphically equivalent to 
those at the north end of Yellowknife Bay, it mst be concluded that the 


Southeast granodiorite predates at least part of the Yellowknife Group. 
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Table 9. Analyses, South-east granddiorite 
(b) O:VsBe C.I1.P.W. Norms 
(a) DCG 120 (1965) 

(a) (b) 
Si02 59.45% 65-90% Qz 8.92 20.34 
Tid? 0.80 Oy Or 9,69 18.91 
1203 19.02 16.34 Ab 38.91 33.83 
Fe203 0.78 0.44, An 26.41 12.67 
FeO 4.56 4.01 Co a = 
MnO 0.08 0.04 (2G 22 a) 
MgO 2.02 1.18 Di ( 0.09 cae) 
Cad 5.69 2407 Lopes was) 
Nag0 4,60 4,00 Hy ( 4,94 2.94) 
K20 1.64 3.20 ( 6.43 6.23) 
HOt 0.82 1.08 Mt 1.13 0.64 
H0= 0.06 0.06 nul 1.52 0.97 
P205 0.14 0.24 Ap 0.33 0.57 
CO2 0.06 Nede Cal 0.14 “ 
Cl 0.04 nede H0 0.88 1.14 
S 0.03 ned. 
relceeSeeOl ( Ras02 

99.77 99.87 


Analysts: D. Thaemlitz (University of Minnesota), 0. Van Breeman (University 
of Alberta). 


Modes (b) (a) 
Quartz 28.39 12.0 
K.feldspar les 0.6 
Plagioclase whe ld 56.8 

(sericitized) 
Biotite 13.67 Teo 
Chlorite 0.10 ™ 
Hornblende 2 I fhe PY 
Opaque oxides 0.18 Ll 
Apatite Uses 0.5 
Zircon 0.06 0.05 
Sphene 0.51 = 
Epidote 0.54 we 
(clinozoisite) 

Calcite O05 - 
Pyrite 0.02 = 

100.00 100.05 
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The intrusive relationships on the western side of the South-east 
granodiorite may therefore be more apparent than real. Buddington (op. 
cit. p. 706) makes particular note of the discordant boundary zone of 


metamorphism which appears unrelated to the early granodiorite mass. 


The conelusions offered in the previous paragraph are supported 
by evidence from radiometric dating but require study in the field to 
establish their validity. 


Ross Lake granodiorite 


Prior to 1937, the two granitic bodies in this area, approxi- 
mately 45 miles east-northeast of Yellowknife, were not distinguished. 
Henderson (1941) classified the older rock as biotite granodiorite and 
the younger (Redout Lake granite) as muscovite granite. Field evidence 
of the relationship between the Ross Lake granodiorite and the Redout 
Lake granite is best exposed between Ross and Redout Lakes (see Fig, 4) 
where hundreds of north-westerly trending basic dykes (which intrude the 
older body) are intersected by rare element-bearing pegmatites and the 
main mass of younger muscovite granite, 

The Ross Lake granodiorite has a distinctive gneissic structure 
which varies in degree of development but is nowhere absent. For reasons 
given previously, this body probably intrudes the Cameron River volcanics 
and at least the basal part of the Yellowknife Group sediments although 
the contact is poorly exposed. The western margin near the northern 
extremity of Ross Lake contains large metasedimentary schist inclusions 
as well as the characteristic hornblende-biotite schist inclusions which 
Fortier (1947) regarded as a product of contamination by the basic flows, 


The north-westerly trending basic dykes strike approximately parallel to 


? . 


ay a 
LA 
Jase-divo% att To ebke cpadiomy ots a sbecinihd f £ © ov 


/ 


) notynthbut feet meat Soetaqge eton ed exotoredt 
to eros visihwed Jnaal ath ett ‘le ator alvotitag von 0 
,ocam atitoibomars vireo edd of bets Lenaw eteeqgs dete mn 


, , 

7" tvera eft mt beteito antobastiaeie edt | j es 

ot bial? eit at youte extuper trd patied vietenaleel’ mer ots 
roth aT - beds 


et tro fboms OMA gaol : ¥ 


sem aidd at eeibod olftinets ant Offs ,SERL of satet 


en 
tusnttetb gon stew .otimwolfeY to teaodston~Jese eoltn 2 yhe fot 


pr. 


tsofhonstg eitvotd es inet tobio oft pbeiilcealo (EMO) am e% 


~ 


. 
tobtve bfeli .etinets edtvooammn es (ediabes etal tuoheR) “or es 


juobef edt bes otivotbonety ead aeoR ed) neewled aogamangae eat 


j A 7 » & a "7 . 
(} ,=fl eee) aetal tuobei baa aso neowlad be soqxe fed at od Ene 1g 0 dad 
eid ekurtint dotdw) servi ofLesad satbneas wines eowefitzen lo e | resh 


e 
bate 


@ 
' e 
‘f ‘ 


eid fre seadisamyed patiised.srenele, atag vd besovexpardt ors (we Oe 


‘ a ere a sacri are on nt 
4 * 


ounte ofeetenma evitoniteth s ape ottrotbotntp oaad geo eet. 
noagex 10% Jtneeds eterdwon af Jud Sra to. eotgeb out eo “eww de 
al 


‘tjaofov tevifi movamad edd sebyadat - 
ony ane Q wis Vie ob m 
nontle elxeathee quoxd eLimdtwollet & y dag ae ot 3 a 
wiedtion edt ier nip mace paee “Une oc 


- ? 
asofesfont Jatios vussnentbonsion a sf = dn00 on s. 
ie i~ ) ‘ Oh: a eo 


tei ital b wy 
4 » 


doicw enoteafont jeirioe wre aprons a 
J . i 

iy A 
sewolt otead oft wi aoltdanimstnoo 1 be. om | 


et LefLlstaq i aan 


bd var 


ae eal pai ta 


bin. 


Table 10. Analyses, Ross Lake granodiorite 

L C.I.P.W. Norm 
Si05 TLeL5 Qz 47. fe 
Tids 0.28 Or 16.48 
Al203 14.92 Ab 37.89 
Fe203 Oe aL An 6.01 
FeO 1.99 Co 2.33 
MnO 0.05 Hy (En 2.54) 
MgO 1.02 (Fs 3303 
Cad Ler Mt 0.45 
Nag0 4 48 Il 0.53 
K90 2.79 Ap 0.19 
Ho0t 0.68 Ca 0.68 
H20- 0.04 H0 OTe 
P9205 0.08 
COs 0. 30 
Total 99.79 Total 99.679 


Analyst: Bileen H. Kane 


Mode 
Sodic plagioclase 47.9% 
K-feldspar he, 
Quartz 29.1 
Biotite 728 
Sericite 5.5 
Chlorite Dee 


Total 100.0 
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the trend of schist inclusions in the granodiorite. 

Edie (1949) described the granodiorite near the contact 
between the metavolcanics and the granodiorite as a gneissic sodaclase 
granodiorite, Re-examination of the rock specimen (El) described by Edie 
does not support the use of the term sodaclase (in the sense of Johannsen, 
1931- Abjg9 to Abgg) although primary plagioclase phenocrysts are normally 
zoned towards albite at the perimeter, A series of careful extinction 
angle measurements in the zone normal to a suggests a plagioclase compos- 
ition of Ano9 to Any 3, the nB refractive index of the calcic cores is 
slightly greater than the Lakeside mounting medium (n = 1.54) and compar- 
able with ny, of adjoining quartz grains. 

Table 10 shows an analysis, C.I.P.W. norm and mode of the 
rock analysed by Edie (1949). 

To the east of the contact, the granitic rocks become more 
potassic and are classified as adamellite and granite (DCG 259). In this 
property they are similar to the Western granodiorite of the Yellowknife 
area which also shows an increase in Kj0/Nap0 ratio with increasing 
distance from the metavolcanic - granodiorite boundary. 

Although an attempt was made to avoid specimens showing 
evidence of hydrothermal alteration from the later pegmatite-forming 
event, a study of the thin sections shows that this is difficult. In 
particular, two lines of evidence support the probability that there has 
been a substantial contribution of potassium. Plagioclase is extensively 
sericitized and recrystallisation of the sericite forms mscovite 
porphyroblasts within the altered plagioclase. In addition, some K- 
feldspar porphyroblasts contain rounded inclusions of sodic plagioclase. 


Adjacent to Redout Lake, the effects of potash introduction are 
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megascopically visible in the form of microcline porphyroblasts near 
pegmatite bodies. However, sample DCG 259 was collected over half a 
mile north of the nearest outcrop of Redout Lake granite, and the micro- 


cline in this specimen is believed to be original. 


Redout Lake granite and associated pegmatites 
The Redout Lake granite forms a large stock which is completely 


surrounded by the older Ross Lake granodiorite, In the field, this rock 
is uniform in appearance and consists of a pink coloured, medium grained, 
holocrystalline muscovite-bearing adamellite. Thin sections indicate 
that approximately equal amounts of fresh oligoclase (zoned Ango to An3) 
and microcline microperthite are present, belying the immediate field 
impression of a true granite. Hamilton (1948) records the following mode 
for a typical specimen of this body. Quartz 21%, microcline microperthite 
31%, oligoclase-albite 38%, biotite 8% and mscovite 2%. These proportions 
differ only slightly from the specimen examined in this study (DCG 258). 

Most attention was paid to the spectacular pegmatite bodies for 
which Hutchinson (1955) demonstrates a genetic relationship with the Redout 
Lake granite, The pegmatites are spatially zoned around the younger granite 
mass with simple replacement pegmatites near the Redout Lake granite and 
discordant rare element-bearing pegmatites in successive zones outward 
from the central granite. In general, lithium-bearing pegmatites are 
farthest removed, followed by columbium and tantalum-bearing bodies with 
beryllium rich pegmatites closest to the parent granite, 

Hutchinson (1955) suggests that the "original differentiate -.. 
may have been an alkali-bearing aqueous solution rich only in potassium, 


the volatiles and the rare elements. This solution affected the wholesale 


4 i 


iD , 


cay, 7) rat 
nson nine ldongieneg ieahtoonate te a we ne 

« tied «evo bevosifoo asw etS aoa 
orotm ent bes .obbnatg ove Srl ao etl 


sfantgino ed od nt 


enh “¢ 


gotivempod betatoor 
vleoteflamos at dotdw adoote enist 2 art Ss a vig 
woot eid? ,bfoti ead nl ere ode avofl hfe 0 
,berutetgy motbem ,bewofos ianitq s to edatano. bas heated 
etaotbni snoitoee atdT ,edlilemehs semen 

(em ot coh hemos) esaloogtlo deat? to saat aa adi trong ‘ 
bfott edathemnt ont antyfed ,jaezerq ous ottisengientsl sorokn | ind 
ebom untwolLot ed? ebrones (840L) mod f bmn. mama ctetina aad otee qn. . 
tiddraqotoim enifoovotm ,&LS adaauD .ybod afdy to mantoore tae aot 
enottreqorq osedT .2S et¢tveoum baw 26 esttdotd aac ot idianse. . 


.(8@S O81) yiute ate? af bentmexe nemiooge ait 


a 
2 . rr, * 


ot 
a 7 


tot eeathod etivempgeq talvesdoesa ont od btag ieee 


fuobefl eit dtbw qidangivafer ofjenag @ rere tae 


eae. - 


pi | 


brawiso semos evitecoove xf aaah ne 
As ae 
ols vashdaegee yibrwedamctise tg fi 1 , 


wa : 


itiw eetbod pbveaedt-ow fats fs 
-eliiety ante S 


~-~ otalsdovedthb Daatgtno” edit a 


spicy Diy 


+A6.. 


reorganisation of the country rocks to form giant pegmatites by replace- 
ment near the batholith., Sodium, displaced from the plagioclase of the 
original rock by potassium, as well as silicon and aluminium were added 

to the migrating pegmatitic emanations, These emanations continued to 
move outward and eventually formed the fluid emplaced pegmatites, farthest 
from the batholith", 

Such a scheme explains the prevalence of sodium in the form 
of cleavelandite in the later-formed pegmatites. There is considerable 
evidence for the reprecipitation of calcium as tremolite, epidote and 
sphene (especially DCG 253-255) after its initial displacement by the 
addition of potassium to the wallrocks. However, the zonation of plagio- 
clase composition can also be simply explained in terms of Bowen's reaction 
series for crystallisation of a silicate melt under conditions of falling 


temperature, 


Very satisfactory samples of biotite and muscovite for K-Ar 
dating were obtained from blasted pits where pegmatites have been tested 
for columbite-tantalite, tapiolite, beryl and spodumene. An extensive 
collection of columbite-~tantalite and tapiolite specimens was also made 


for future U-Pb dating. 


Prosperous Lake granite and associated pegmatites 


This mass is part of an area of over 1,000 square miles 
underlain by a fine to medium-grained pink "granite" and associated 
pegmatites. The country rocks are metasediments of the Yellowknife Group, 
Division B. Again the term "granite" cannot be applied in the strict 
sense as modal analyses show approximately equivalent amounts of K-feldspar 


and oligoclase. Boyle (1961, p. 71) reports between 30 to 35% quartz, 
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Table 11. Analyses, Prosperous Lake granite 


1. Baadsgaard 2. Folinsbee Composite sample, 


(pers. comm. ) et al. (1968) Boyle, 1961 
Si02 7.09 73.86 74.28 
Ti0> 0.14 O.1L) 0.07 
A1203 14.30 14.57 14.38 
Fe203 0.18 0.29 0.32 
FeO 0.99 0.83 0.77 
MnO 0,02 0,04 0.04 
MgO 0.31 0.30 0.16 
CaO 0.82 0.66 0.60 
Na20 3.61 3.50 4.18 
K20 5.08 4.88 4.15 
P20 5 0.26 0.27 0.11 
H20+ 0.2% 0.47 0.42 
H20- 0.04 0.02 0.01 
CO2 mete 0.04 0.18 
Total 100.07 99.94 99.69 
(includes 0.10% F, Cl) (includes 0.02% C1) 

less 0 =F, C1, S = 0.04 z 

Net Total 100.07 99.94 99.69 


. Analysts: L. R. Campbell, A. Rich OD. Thaemlitz 
and.L.—Yopik,~-U.—of A. 


Je A. Maxwell 


C.I.P:W. Norms 


Qz 31.51 33.32 32.88 
Or 30.01 28.83 24.52 
Ab 3055 ae et 
An 2.37 Th 1. 
Co 2,00 3.07 oN 
(En 0.75 0.40 
Hy (Fs Sar 1.18 TyT) 
Mt 0.26 0.42 0.46 
Tl 0.27 spre 0.13 
Ap 0.62 0,64 0.26 
Ca a 0.09 0.41 
H20 0.27 0.49 0.43 
Total 100,09 99.86 99.68 
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25 to 30% microcline, 20 to 25% oligoclase, 5 to 10% muscovite and 5 to 
10% biotite. A sample selected for thermal migration experiments by 

Dr. H. Baadsgaard has been analysed in triplicate and the analysis, 
C.I.P.W. norm and mode are recorded in Tables 11 and 12. Analyses quoted 


by Folinsbee et al., (1968) and Boyle (1961) are also quoted, 


Table 12. 


Mode of analysed Prosperous Lake 
granite sample used in thermal 
migration experiments 


Mode of small stock on west side of 
Prosperous Lake 


Quartz 37 4% Quartz 29.8% 
K~feldspar 2509 K-feldspar 14.4 
Plagioclase (An,3) 21.7 Plagioclase (Anz9-Ang5) 36.0 
Biotite eae Biotite 16.8 
Muscovite een Chlorite 0.6 
Opaque oxides 0.3 Sericite 0.2 
Apatite Coe Opaque oxides lel 
Garnet (almandine) 0.3 (including pyrrhotite and 
arsenopyrite) 
Haematite 0.4 
Sphene 0.2 
TOTAL 100.0 TOTAL 100.0 


The similarity of these three analyses from different areas 
is striking. For this reason, it has not been possible to use the whole 
rock isochron method to date this body as there is insufficient Rb/Sr 
variation in the whole rock samples. Almandine garnets are ubiquitous 
and appear to be similar to those described by Folinsbee (1942) from the 
metasediments. Together with the diffuse nature of the contacts with 
the country rock there is some evidence that partial anatexis of the 
Yellowknife Group sediments contributed to the formation of the Prosperous 
Lake granite, This interpretation is consistent with the initial tO 
ratio reported for this body in Chapter III. 


Pegmatites form almost half of the Prosperous Lake granite 
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mass, and they are concentrated near the margin. Many are dyke-like 
in form and have relatively sharp contact with the granite. Most 
pegmatites are simple and contain quartz, microcline (near maximum micro- 
Cline, Baadsgaard et al., 1961), cleavelandite, muscovite, tourmaline and 
garnet. A few complex pegmatites contain beryl, spodumene, amblygonite, 
scheelite and columbo-tantalites. The complex pegmatites tend to be 
clustered immediately outside the margin of the main body. 

It is difficult to obtain clean biotite concentrates for K-Ar 
work from this mass as there is a slight pervasive chloritization which 


has affected each sample to some degree. 


A small stock occurs on the west side of Prosperous Lake, 
This body has been tentatively grouped with the Prosperous Lake granite 
but is more calcic in character (see mode, Table 12) and is particularly 


rich in pyrrhotite and arsenopyrite. 


Quartz Feldspar Porphyries 

Fresh specimens of the quartz feldspar porphyries contain 
quartz and plagioclase (approx. Ang3) phenocrysts in a fine grained ground- 
mass of quartz, sericite, carbonates and chloritized biotite flakes. 
Sulphides are relatively common and other accessory minerals include 
apatite, epidote and rare zircon. They form dykes and small irregular 
masses, but are often continuous for up to a mile (e.g. north of Daigle 
Lake to Walsh Lake). Although they do not appear to cut the Western 
granodiorite, they carry angular fragments of the metavolcanics and in 
one instance an altered fragment of granitoid composition. They appear 
to post-date the first main folding phase but are extensively sheared 


by the transecting shear zones carrying the gold mineralization. Boyle 
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(1961, p. 74) notes the similarity in soda to potash ratio between a 
composite sample of the quartz feldspar porphyries and the marginal 


part of the Western granodiorite. 


Proterozoic Diabase Dykes and Differentiated Picrite Sill 


Mafic dykes are a common post orogenic feature of every 
major Precambrian shield area. Those in the Yellowknife area are but 
a segment of a tholeiitic swarm which may be extended through the Ungava 
Peninsula, south Greenland and northwestern Scotland (Payne et al., 1965) 
to give possible independent confirmation of the hypothesis of continental 


drift, 


Four sets of dykes within the Slave Province were established 
by Burwash et al., (1963) during preliminary K-Ar dating. Set I consists 
of large (100-200 feet wide) dykes striking N 70°E to E - W, Sets II and 
IV are less important, striking N-5S to N 30°W and N 45 Ow ~ N 60°W 
respectively and Set III forms dyke swarms striking N 10°W to N 30°W. 

Set III are the youngest on structural grounds and have been related to 
the Keewanawan extrusives of Ontario and northern Minnesota. Burwash 
et al. dated Set III as between 1,000 and 1,100 my., Set II as 1,400. 
1,600 my. and Set I as 1,800-2,000 and 2,220-2,400 my. Leech (1966) 
extended this work and found three periods of diabase dyke intrusion, 
vis. 2,200-2,400 my., 1,100-1,200 my. and 600-700 my. The youngest 
set of dykes (Set III) are not represented in the Yellowknife district. 
There is considerable scatter in the 66 dates recorded by Leech, and it 
is not yet established why the K-Ar mineral dates are consistently 300 
to 400 my. older than the dates given by some whole rock samples from 


the older dyke sets. Post dyke faulting is widespread, and it is possible 
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that some of the dates represent reflections of younger thermal events. 
In addition, error limits imposed by potassium determinations are consider- 


able at low K contents (see Appendix 6). 


The mineralogy of the diabase dykes is uniform and simple. 
Plagioclase (Angg-Anss) and pyroxene (augite-pigeonite) form over 80% of 
the rock, commonly in an ophitic or subophitic texture. Some samples are 
particularly fresh, but olivine (approx. 10%) is rather commonly altered 
to mesh-like antigorite + magnetite. An interstitial granophyric inter. 
growth contains quartz, alkali feldspar and opaque oxides. Apatite, 
haematite, leucoxene and carbonates are accessory minerals. 

The Yellowknife differentiated sill is described by Hill (1940) 
and Leech (1966). This body consists of olivine gabbro (picrite) and quartz 
gabbro segments separated by a fault zone. Dates range from 1,490 to 2,090 
my. (on biotite from the contact zone), and the differentiated body is 


possibly related to the dykes forming Sets II and IV. 


Structure 

Yellowknife Group metavolcanics and metasediments occupy 
complexly folded structural basins bordered by granitic intrusives. 
The original structural relationships are largely obscured by later 
folding and at least two periods of faulting. The metavolcanic rocks 
dip steeply away from the bordering granitic masses to form nearly homo- 
clinal successions broken only by early shear zones and late transcurrent 
faults. The metasedimentary rocks form a series of refolded isoclinal 
folds expressed as domes and canoe-shaped synclines. This difference 
in folding style is probably the result of the competent nature of the 


massive volcanic horizons as opposed to the incompetent character of the 
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argillites and slates of the Division B sediments. 


The complex pattern of faulting and fracturing has been 
discussed exhaustively by Boyle (1961) and others. Only a brief summary 
is given here as the geochronology programme was planned to avoid faulted 
and sheared areas, Two major periods of faulting were first distinguished 
by Henderson and Brown (1950). The early shear zones range from those 
which are parallel to the flow boundaries to those which transect the 
flows at angles of up to 45°, The shear zones vary from highly altered 
schist zones up to hundreds of feet wide to breccia-filled zones in more 
massive rocks. The enear zone systems which transect the flow boundaries 
are most important from an economic viewpoint as they contain most of the 
gold mineralization (e.g. Con, Negus-Rycon and Giant-Campbell systems), 
Boyle (op. cit. p. 31) concludes that the early shear zones were pro- 
duced during thrust faulting which occurred similtaneously with the 
emplacement of the Western granodiorite. The shear zones are also con- 
trolled by an axial plane cleavage which is generally near vertical in 
attitude. Since some early shear zones cut the granodiorite-metavolcanic 
contact, the shearing continued after the emplacement of the granodiorite. 

Early fracturing in the sedimentary rocks takes the form of 
fracturing parallel to the contorted bedding planes, along axial portions 


of folds and as saddle reefs (e.g. Ptarmigan and Camlaren systems). 


Major late faults are concentrated in the Yellowknife Bay area 
(Brown, 1955). They are narrow fractures, rarely more than a few feet 
wide along which horizontal movements of over three miles have taken 
place. The strike of seven major faults in the Yellowknife area is 


between N 10°W and N 40°W. Their dip is generally vertical. Many 
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secondary faults link the major faults and almost all have a left hand 
sense of movement, 

Since the strike separations of variously dipping marker 
horizons such as late diabase dykes, tuff bands and early mafic intrusives 
are similar, the net slip movement is very nearly horizontal. The net 
slip along part of the West Bay fault was calculated by Campbell (1948) 
as west side south 16,140 feet and down 1,570 feet relative to the east 
side. Brown (1955) obtained similar results using different marker 
horizons. Both Brown and Badgely (1965) have attempted to analyse the 
pattern of late faulting; Brown used the concept of stress-strain ellip- 
soids and Badgely applied the McKinstry (1953) stress reorientation model. 
Their conclusions are consistent and show the maximum principal stress 
lying in a horizontal plane and trending NW, the minimum principal stress 
is at right angles and also in a horizontal plane while the mean principal 
stress lies in the vertical plane. 

Although Badgely (op. cit., p. 274) discusses the work of 
R. W. Boyle (1961) in a section entitled "Relationship of strike-slip 
faults to igneous activity and to ore mineralization", there is no 
economic mineralization associated with the late strike-slip faults. 
Rather, the dilatant ore zones described by Boyle are associated with 
the early west-dipping reverse dip-slip (thrust) faults. The ore shoots 
are localized in shear zone junctions, flexures or rolls in the wall zones 


and in dragfolded axial zones. 


It is difficult to determine the age relations between the 
faults and diabase dykes unequivocally, but it is possible that the 
faulting could be approximately contemporaneous with the NW trending 


diabase dykes (Set IV, Burwash et al., 1963, Leech, 1966). These dykes 
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tend to run along the late favlt zones and may be either sheared by, 
or chilled against fault gouge. Burwash et al., (op. cit.) dated Set 
II dykes, thought to be a conjugate to Set IV, at approximately 1,100 my. 


but Leech (op. cit.) recorded dates as old as 2,000 my. from Set IV. 


The western margin of the Western granodiorite intrudes 
west-facing basic metavolcanics and conformably overlying paraconglomerates, 
feldspathic greywackes and shales, The total thickness of the Yellowknife 
Group in this area varies from over 20,000 feet near Arseno Lake to less 
than 4,000 feet further north (McGlynn and Ross, 1963). Lord (1942) 
found no trace of pre-Yellowknife Group boulders in the paraconglomerate 
horizon. 

In this area, the Yellowknife Group is intruded by grano- 
diorite and adamellite plutons belonging to both Archaean and Proterozoic 
orogenic episodes. In general, the granitic rocks east of the Emile 
River are Archaean, and those to the west are Proterozoic, but they are 
only able to be differentiated where their contact relations with the 
Proterozoic Snare Group have been determined. The detailed structural 
analysis by Ross and McGlynn (1963, 1965), which has thrown considerable 
light on the problem, need not be considered further as the critical areas 
are north of the area of interest. However, it does serve to emphasize 
the encroachment onto the western margin of the Slave Province by the 


Hudsonian orogeny of the Bear Province. 
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Metamorphism 
The most complete treatment of the metamorphic history of the 


Yellowknife area is that of Folinsbee (1942). Boyle (1961) has described 
the metamorphic facies within the Yellowknife metavolcanic belt, and Edie 
(1949) deals with the Cameron River metavolcanics. Three major metamorphic 
episodes are distinguished by Folinsbee (op. cit.); (a) an early regional 
metamorphism, followed closely by (b) a thermal event and (c) a later 
hydrothermal, retrograde metamorphism, 

Because of the varying terminology relating to the metamorphic 
facies represented in the area it has been necessary to adopt a single 
facies classification. That of Winkler (1965) has been used since it is 
a readily available compilation of the most recent developments in the 


concept of metamorphic facies. 


In areas well removed from the plutonic intrusives, the meta- 
volcanics and metasediments may be assigned to the quartz - albite - 
muscovite «= chlorite subfacies of the greenschist facies. The occurrence 
of chloritoid suggests that the low grade regional assemblage belongs to 
a Barrovian type facies series. However, the higher grade metamorphic 
rocks cannot be interpreted in terms of the standard Barrovian sequence 
because of the presence of cordierite as the most common metacrysts in 
the massive knotted rocks. The characteristic presence of andalusite 
and the absence of kyanite in the higher grade rocks suggests that the 
metamorphism passes into the andalusite — sillimanite or Abukuma-type 
facies proposed by Miyashiro (1961). This supposition is supported by 
the comparative absence of almandine in the metamorphosed basic rocks 
while it is relatively common in the high grade pelitic assemblages. 


Since the subfacies of Abukuma type closely resemble the subfacies of 
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contact metamorphism, the highest grade knotted schists and metavolcanics 
may be placed in either the sillimanite - cordierite - muscovite — almandine 
subfacies or the upper part of the hornblende - hornfels facies. 
Sillimanite is present in the inner part of the thermal 
aureole surrounding the Prosperous Lake granite, where it coexists with 
muscovite rather than the orthoclase of the pyroxene hornfels facies. It 
is suggested, therefore, that the operating pressure was intermediate 
between that which results in the classic Barrovian sequence and the low 
pressures of contact metamorphism, This conclusion follows from the 
negative slope of the andalusite ~- sillimanite phase boundary and demon- 
strates the near identity of deep-seated contact metamorphism and low 
pressure regional metamorphism. Recent experimental work suggests that 
the pressure required for such an assemblage could be as low as 4 kb., 
supporting the contention of Folinsbee (op. cit.) that the Prosperous 
Lake granite was emplaced under conditions of low pressure. Similar 
assemblages in K-poor, Al-rich pelites are recorded by Read (1952, 


Buchan type) and Zwart, (1962, Bosost type). 


Boyle (1961, p. 66) shows that the metavolcanics adjacent to 
the Western granodiorite display three regional metamorphic facies. The 
facies are apparently used in the sense of Eskola (1939). A narrow zone 
of almandine - amphibolite facies (staurolite - almandine subfacies?) 
parallels the margin of the granodiorite, Characterised by the stable 
occurrence of andesine + epidote + blue-green hornblende, this assemblage 
is typical of regional rather than contact metamorphism because epidote 
does not persist into the hornblende - hornfels facies. This narrow 
zone passes rapidly into a broad zone called the epidote amphibolite 


facies by Boyle. 
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The epidote amphibolite facies was renamed the quartz - 
albite - epidote - almandine subfacies by Fyfe et al., (1958) and 
included in the greenschist facies as the highest temperature member 
because oligoclase is not yet a stable phase, For this reason, the 
reported stable occurrence of oligoclase and actinolite in the epidote- 
actinolite zone is anomalous. Turner and Verhoogen (1960) also define 
the boundary of the greenschist and almandine - amphibolite facies in 
terms of the albite (< Any) - oligoclase (> An, 5) transition and the 
disappearance of chlorite in the higher temperature facies. Hornblende 
is already a stable phase in the uppermost greenschist facies, and it 
is impossible to interpret the assemblages reported by Boyle (op. cit.) 
in terms of the Barrovian-type facies series. The stable actinolite + 
epidote + oligoclase + chlorite + quartz assemblage reported by Boyle 
may be attributed to the quartz = andalusite - plagioclase ~ chlorite 
subfacies of the upper part of the greenschist facies in the Abukuma- 
type series. hile ishrposdthan rests on the adequate identification of 
oligoclase in the metavolcanics and metagabbros. A limited number of 
refractive index measurements on untwinned plagioclases from thin-sections 
tend to confirm Boyle's identification. Very little of the metavolcanic 


sequence falls in the lower greenschist facies, 


Edie (1949) interprets the Cameron River metavolcanics in 
terms of the classic Barrovian zones of Tilley (1924). His conclusions 
are similar to those already reached. On the basis of "isograds"* express- 
ing the ratio of hornblende to total hornblende + chlorite, he found a 
rather striking degree of correspondence between the "isograd"* boundaries 


and the outer limit of the Ross Lake granodiorite (Fig. 5). 
ec ce nee 


* quotation marks added by the present author to indicate that the terms 
are used in a generalized sense. 
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Fig. 5. Metamorphic "isograds" in the Cameron River volcanic belt as 
shown by the ratio of hornblende to combined hornblende and chlorite 


(from Edie, 1949): @=0.0,@)=0.5,@)=1.0. 


Note: The term "isograd" is used in a general sense as hornblende 
has a wide range of compositions, not necessarily related to the 

grade of metamorphism. For this reason, the definition of isograd 
by Tilley (1924) cannot be applied. 
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This reinterpretation of the available data reinforces the 
opinion offered by Folinsbee (1942) that the metamorphism was dominantly 
thermal in character and explains some of the apparent anomalies which 
led Folinsbee to place more emphasis on variabilities of bulk composition 
than on an orderly sequence of metamorphic zones. For example, the outer 
limit of the nodular zone (where cordierite and andalusite appear together) 
marks the mepdankine ths the andalusite ~- cordierite = muscovite subfacies. 
Within this zone, the presence of staurolite depends on a suitable bulk 
composition of the parent rocks (high alumina, FeO MgO). Staurolite 
would be unstable in a higher pressure (Barrovian) environment. The area 
deserves further study in the light of recent developments in experimental 


petrology. 


It is readily seen that it is impossible to separate the first 
two metamorphic episodes proposed previously. They could be interpreted 
in terms of a gradually increasing thermal gradient and/or a lessening 
of tectonic pressures, The third metamorphic event is clearly distinguish- 
able and has considerable economic importance. Boyle (1961) refers to the 
"chlorite-carbonate schist facies" which is superimposed on the regional 
metamorphic zones, and Folinsbee (1942) discusses the apparent zonal 
inversion which results from hydrothermal alteration. Many of the 
porphyroblasts in the metasediments are degraded to sericite and chlorite 
pseudomorphs and make the task of establishing upper limits of metamorphic 
zones difficult. Folinsbee (op. cit.) found that the zone of maximum 
hydrothermal alteration coincided approximately with the outer border of 
the nodular zone. On that basis he recommended that this limited area 


warranted careful prospecting. 
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Boyle (op. cit.) suggests that the thermal structure 
established in the country rocks during the formation of the granodiorite 
bodies (?granitization) resulted in migration of water, carbon dioxide, 
sulphur and some chalcophile elements towards the cooler parts of the 
metamorphic belt. When thrust faulting occurred towards the end of the 
orogenic episode, the shear zones acted as passageways and low pressure 
dilatant zones with the result that mobile components were lost to the 
surface. 

Consideration of the following equations (Kretz, 1963) 


2 [CagA138130)2(0H)] + KA1pA1Si30,9(OH)g. + 28402 
(epidote, Fe free) (mas covite ) 
<=  Cahl,Sizdg + KA1Sig0g + 2H,0 --- (a) 
(anorthite) (K-feldspar) 


2 [CajA1,31,0,(0H)] + CO, <— = CaAl,Si,0g + CaCO, +H,0 --- (b) 


shows that it may be predicted that the establishment of a Poo gradient 
on a regional basis (approximately a closed system) leads to a situation 
where the formation of epidote and sericite is favoured by release of C02 
when local strong decrements in pressure are experienced. Ramberg (1952, 
pe 195) points out that decreasing pressures alone will not cause minerals 
to precipitate along the flow path of a liquid "hydrothermal" solution. 
If, however, the watery solution contains both calcite and an excess of 
dissolved C02, loss of COp will cause precipitation of CaC03 because a 
decreased content of CO> in solution decreases the solubility of calcite. 
The equilibria in these and similar equations was evidently 
severely displaced in dilatant zones with the result that the walls of 
shear zones were extensively carbonatized and hydrated. Many of these 
reactions release large amounts of silica. Boyle (op. cit.) disposes of 


the excess silica by upward migration and dispersal at the surface, 
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axial zones of isoclinal folds (e.g. Hump mine, Camlaren). Quartz veins 
bearing gold are occasionally found cutting the bedding of the sediments 
(Ptarmigan mine). Small amounts of pyrite, chalcopyrite, galena, sphalerite 
and carbonates are associated with free gold in the less metamorphosed 
sediments, but gold-bearing quartz veins inside the nodular zone also 


contain pyrrhotite’ and tourmaline, 


Wide zones of wallrock alteration containing ankerite, calcite, 
sericite and chlorite are characteristic of mesothermal deposits. Early 
workers suggested that the Yellowknife deposits belonged to Lindgren's 
low mesothermal category on the basis of the lead sulphantimonide assoc~ 
iation. Coleman (1957) found that the sulphantimonides were representative 
of a later, cooler stage in the mineralization sequence. There is textural 
evidence for at least two periods of mineralization, the first represented 
by a comparatively simple assemblage of deformed, granulated gold-bearing 
pyrite and arsenopyrite and the second by an extensive suite of sulpho- 
salts dominated by the tetrahedrite series, Aurostibite ( AuSbo ) generally 
occurs as a coating on the gold, indicating reaction of antimonial 
solutions with gold in the solid state, 

For these reasons the period of gold mineralization extends 
over a range of temperatures (Boyle lists four definite ages) and may be 
more accurately placed in Buddington's (1935) xenothermal category. This 
observation is in accord with the metamorphic history developed in the 
previous section and the geothermometry data of Coleman (op. cit., p. 420. 
422), The occurrence of scheelite in the Con ~- Rycon veins supports the 
Suggestion that the early gold mineralization is indicative of a 
relatively high temperature. 


Supergene minerals are not extensive and are chiefly the 
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alteration products of exposed mineral zones. 


The two presently productive mines, Giant Yellowknife and 
Con-Rycon, mill approximately 1,500 tons of ore per day of an average 
grade of between 0.7 and 0.8 oz. per ton. Expansion of the Yellowknife 
mining camp is largely contingent on a substantial increase in the price 


of gold. 


fum eDicolwolLleY daskd , sept evbsouhon broers. 

sgetovs ne to yb teq eto to eqaw O08. harman 

elLimiwoffeY edt’ to nofansqxdl “mod Ted «20 8.0 bas wee mie 

soiuq edt af esaeront Iatinatedve s a0 tava 00 = ts eb b nay pat, 
: ear 


, AY) ak Ay | 


~O4. 
CHAPTER III 


GEOCHRONOLOGY OF THE YELLOWKNIFE AREA 


Sample Preparation 

Samples were collected from fresh, glaciated outcrops and 
blasted roadcuts where possible. The weathered surface was removed in 
the field, and samples were individually wrapped to prevent contamination. 
Whole rock samples were carefully trimmed to avoid epidote and calcite 
veins, These samples commonly weighed over 10 lbs. and care was taken 
to insure they were valid representatives of chosen rock types. Samples 
for K-Ar mineral separation were chosen from approximately 200 rock 
Specimens, The main criteria employed in their selection were geological 
importance and freedom from visible chlorite. 

Samples from which zircons were expected were collected in 
large quantities, between 50 and 400 lbs. in every case, Some of the 
zircon samples had been collected in previous years by Drs. Folinsbee 
and Baadsgaard and by Mr. O. Van Breeman. Simple panning of a ground 
specimen was found to be of considerable value in determining whether a 
rock was sufficiently rich in zircon to warrant separation. 

Sample localities are recorded in Appendix 2. Approximately 
1$ tons of samples were collected during two short field seasons, 

In the laboratory the samples were washed free of the per. 
vasive dust which had accumulated during transportation from Yellowknife. 
Large samples were reduced in size with an hydraulic rock splitter and a 
sledge hammer, At this stage thin sections were prepared from hand speci- 
mens, Selected samples were then reduced to 2 inch fragments and crushed 


to less than $ inch with a jaw crusher. A Bico Braun plate mill reduced 
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the rock powder to less than 35 mesh size (U.S. Standard) and this 
powder was bagged for further treatment, A whole rock sample was with. 
drawn at this point and crushed to 270 mesh in a Bleuler rotary swing 
mill. 

If micas and hornblende for K-Ar work were required, the 
crushed powder was dry sieved to ascertain the fraction from which clean 
separates could be obtained and a suitable fraction (generally 60 to 120 
mesh) carefully washed with acetone to remove adhering rock dust. For 
zircon separation a Wilfley table was used and in this case suitably 
washed fractions of biotite, muscovite and hornblende were readily 
obtained as a byproduct. 

Mineral separations were performed with standard heavy 
liquid techniques involving the use of tetrabromoethane, methylene iodide 
and Clerici solution. Preliminary separation was carried out with the 
Frantz isodynamic separator, Pyrite impurities were removed from zircon 
concentrates by froth flotation and hand-picking was only found to be 
necessary in a few cases, A "float~sink" procedure using heated Clerici 
solution was particularly effective in zircon purification. All mineral 
separates were washed in distilled water, Zircons were heated in 1:1 
HNO3 for two hours and washed with lead-free water. 

A representative fraction of each final mineral separation 
was mounted in Permount and the purity estimated by a rapid grain count. 
All zircon concentrates were of better than 99% purity. The purity of 


minerals used for K-Ar dating is recorded in Appendix l. 


Radiometric Methods 


In this section, the problems which are capable of solution 
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by K-eAr, Rb-Sr and U-Pb radiometric methods are discussed, and a brief 

description of the equipment and procedures used is given. Details of 

the routine chemical procedures are given in appendices. Sufficient 
data relating to the instrumentation is provided so that the analytical 
procedures may be evaluated. 

Since the major analytical technique is mass spectrometry 

and the final data depends on the quality of the mass spectrometer results, 

a brief, generalised description is given. The following summary is based 

on Hamilton (1965), from which references to the technical literature may 

be obtained. 
In general, a mass spectrometer consists of the following 
components ;: = 

(1) A sample system by which the sample is introduced into the mass 
spectrometer. 

(2) An ion source to produce ions characteristic of the sample. 

(3) A system of slits through which the ion beam passes, is accelerated 
by an electrical field and is collimated. The ion beam may be 
focussed for direction and velocity. 

(4) An analyser (magnet) in which the beam is resolved. 

(5) <A final slit system through which the separated ion beam passes. 

(6) A detector system, generally an electrometer. 

(7) A recorder system, e.g. recording voltmeter. 

Ideally, the intensity of the ion current produced by a given 

isotope is proportional to its concentration. Peaks are monitored on a 

chart recorder. 

To prevent ion scattering and consequent "tailing" of peaks, 


the path of the ion beam mst be in a region of low gas pressure. The 
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required low pressures are provided by a combination of mechanical, vapour 
diffusion and ion getter pumps. 

All the instruments possessed adequate resolution of the mass 
range for which they were used, although correction occasionally was 
necessary for slight "tailing" on unspiked Sr spectra where very precise 
measurement of the 87 5y peaks is required. Lead spectra were completely 


resolved. 


Potassium-argon_ method 

Because of the widespread occurrence of potassium-bearing 
minerals in the earth's crust, the K-Ar method has been applied to many 
geochronological problems over the past 15 years. Recent developments 
in our understanding of the limitations of this method have lead to a 
more optimistic view than that of a few years ago, when it seemed 
probable that all that could reasonably be derived from the method was 
a minimum date representing the last metamorphic event. 

As no correction is possible for initial isotopically pure 
40 ay contamination, it is necessary to assume that essentially complete 
fractionation takes place between the parent and inert daughter nuclides 
at the time of mineral formation. This assumption appears to be valid 
for phases rich in potassium but remains controversial in potassium- 
deficient minerals. Clear evidence for an excess of 40 ar in cyclo- 
silicates and some framework silicates is recorded (Damon and Kulp, 
1958; Hart and Dodd, 1962 and McDougall and Green, 1964), and it is 
probable that a small, finite amount of initial “Oar is present in all 
mineral phases of deep seated environments. 


One of the most commonly used minerals, hornblende, has been 
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reported to contain excess 404» (Hunt, 1962), but the consensus is that 


the apparent excellent argon retention in hornblende compared with that 


of micas is a function of the higher activation energy (110-200 kcal/mole) 


rather than a result of excess 40a (Hart, 1961, Gerling et al., 1965). 


There are no other demonstrated instances where an amphibole age is 


clearly in excess of the true age. 


The decay scheme and isotopic abundances of K and Ar are 


shown in Fig. 6 and Table 13. 


K electron capture 


Figure 6 


40x 


10.95% 


Ar 
Table 13. Isotopic abundances of K and Ar nuclides 
Potassium 39K 93.08 atomic percent 
40x 0.9119 " " (Nier, 1950) 
Wy 6.91 1 " 
Argon 36,» 0.337 " 1" 
38, r Ds O63tyre " (Nier, 1950) 
HOny 99.600 " " 
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Radioactive decay of 40x produces the stable isotope 40ca by 
emission of a B- particle, and 40 nn by K- electron capture followed by 
emission of x radiation to reach the ground state. The half life is 
related to the sum of the two partial decay constants, \ g and Ke » and is 
determined by counting the relatively high energy PB decay activity. The 
ratio of the two partial decay constants is termed the branching ratio (R), 
where R = a 

The branching ratio and half life can also be determined by 
measurement of total potassium and radiogenic argon from minerals whose 
age is known by means of concordant uranium-lead ages on cogenetic minerals. 
In this manner, Wasserburg, Hayden and Jensen (1956) found a branching 
ratio of 0.118. If a value of \p= 4,.7+0.5x ee eee is assumed, a 
value of he = 5.57 x 107+/year can be calculated, giving a half life of 
Le Beex 10? years. 

Counting experiments give somewhat higher measurements of ey 
Most workers now use the constants adopted by Aldrich and Wetherill, 1958; 
vis. rez 5.65.x 10711 /year and Ane 4.72 x 10719 /year, R = 0.124 and 
Ty = 1.306 x 10? years. For Archaean minerals an error of 10% in either 
Ne or Xp will result in an error of approximately 5% in the calculated 
age. Common practice is to neglect possible errors in the decay constants 
and quote the precision of the analyses in terms of the analytical errors 
involved in K and Ar determinations (see Appendix 6). 

Although mica K-Ar dates are easily affected by low temper- 
ature metamorphic events, the micas do not lose argon spontaneously once 
below the "blocking temperature" (MacIntyre et al., 1967). Because continuous 
diffusion of radiogenic argon is thought to take place at depths of as 


little as 10,000 feet (Hurley et al., 1962) in orogenic belts, Harper 


Pat ang ne i Ry ; 


y , 4 
_< A 
pe, ¥, i 7 
ve ao eqotsoet eldata ad? utilis sdiseac utte baf 


. | Nog ‘ee 
J bowaLLo t exutqso aottoale «A: . 
rer ray 7" vs Re raN as) 
at etit ied adT etade baworry edt doze: "7 ‘to! te 
at bri, ,A fas .A ,ednadanop Wwoeb Latdaaq owt an a 
ofT .ytivigos yook & yptene dotd Unvitaler adtg 


(A) ettet- petdonetd ed? beartet et ednatenon qwoeb . : 


vy bentmreteb ed coals 189 elit tind bee oljax seta a 
i 


i 
seodw elstentm mort soptea otmegoltbes bas ourkeeatog Iatot we ern 


y 
_- 
-elevonin olteneyes ao tens beelwinew tasbtoodoo *» anaes OID 


atidonasd « bewot (870) seenel has aebyeH pateduesea | Tenn itt at. 
, - 


) - . ™ : P i 
s ,bemveer al sami OL x20 £ T.4# =_k Yo cuter 5 yer 
TT a tie 


to etif Med « patvis bets [uole5 sia oe net 8 x Wk mgd ‘ wen 
bs esfiidin) 1 head 
. ee on 28 


“- : 
e ak lo einemeiueasem telgid Jscwemos evig edremiteqxe atime) ¥ He yi 


1 


{ROL ,LLtseddeW bas dobsblA yi betgoba stnetanco edt oun wort exe iron 
te 485.0 =f ,te8xy\ \t~or x sy.# =gA bas wacr\tno oF x.y 
waddte ot SOL to sonte me elovent: nseadotA 10% om “on x 


ive ay 


wad 
J 
- nd 

~— re 


beteluolso eit ab Be Yetantxosays to rote el ah thames. 


bas 7 
: 


efoatanoo yaoeb edd at etoTTe eld ieaeq soniiaa od at peep ts ral 
e1o1te Jsotiyfanes eft Yo ented af nee . edt oto 
(3 subbrreqg A one 


-teqnet wol inf hetoeTts yLtase ou. 


- 


eono tlevoonstnogs noes eval tor 
exountinon saeced o(TOQL sels 30 @ pai 7 By 


ee 


ea Yo addqeb te eoaly soled? oo dah 
wqisil ef fed etneget at (32 


_ cat) 


sR 


=70. 


(1967, p. 128) suggests that K-Ar dates from Precambrian terrains may 
have no relation to times of metamorphic recrystallisation and orogenesis. 
Instead, they may represent chelogenic processes (as defined by Sutton, 
1963) related to the uplift and subsequent stabilization of continental 
blocks. Some of the basement cores studied by Burwash et al. (1962) 
come from wells where bottom-hole temperatures in excess of 80°C are 
recorded, so that the "blocking temperature" mst lie above this lower 
limit. Moorbath (1967) discusses this problem in some detail. 

For the reasons given above there is no reason why the mean 
of a number of K-Ar mica dates should be correlated with the peak of an 
orogenic episode, Rather, such a peak on a histogram represents the 
termination of a diffusion episode. This simple picture is complicated 
by the differences in relative argon retentivity of hornblendes and 
coarse-grained micas resulting in a spectrum of apparent ages lying 
between the limits of the mineral-forming event and subsequent thermal 
closure. A similar spectrum may be produced by argon loss during a 
later metamorphic episode, either from thermal events or from processes 
of dynamic metamorphism. 

In order to define a crystallisation episode within a base- 
ment complex, a few dates by Rb-Sr whole rock or U-Pb methods may be 
more valuable than a large number of K-Ar mica dates. On the other 


hand, a sharp thermal event is often defined by the K-Ar method, 


The technique used in extracting and purifying argon is 
similar to that described by Goldich et al. (1961). The apparatus used 
for this work does not differ from that described by Peterman (1962) 
except that the magnesium perchlorate water trap has been replaced by 


a second cold trap. 
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Mass spectrometry was carried out with the Associated 
Electrical Industries Ltd. MS-10 mass spectrometer described by Farrar et 
al. (1964). This is a single focussing, 2 inch radius, 180° deflection 
instrument with an electron impact ion source. Vacuum requirements are 
met by a water cooled oil diffusion pump and a Varian Associates VacIon 
ion getter pump. Ion currents are recorded by a single collection system. 
They are amplified by an Applied Physics Corporation Cary vibrating reed 
electrometer, Scanning is carried out by varying the accelerating voltage. 
The residual pressure after complete baking of the system is in the 
vicinity of 1 x 107? im Hg. Measurements are made dynamically, maintain- 
ing a constant argon pressure of around 2 x 107? mm Hg through a molecular 
leak into the spectrometer tube. 

Determination of the amount of 4Ony is made by isotope dilution, 
A known amount of 99.9% pure 38ay is ,added to the extracted argon, prior 
to final purification, Calibrated 38ar tracers (spikes) had been prepared 
previously by Dr. H. Baadsgaard. 

Mass discrimination is monitored before and after sample 
measurements by determining the 40n »/36an ratio of purified air argon 
under the same pressure conditions as that prevailing during measurement 
of the isotopic ratios of samples. Over a period of three months, values 
of the 405/36 ay standard varied over the small range 305.2 to 306.8. 
Sample measurements were normalized to the standard Nier 40 ./36gy value 
of 295.5 for air argon. 

Since all minerals contain some occluded nonradiogenic 40)» 
("air argon") it is necessary to subtract this amount from the total 
amount of “Oar determined by mass spectrometry. For this purpose the 36ar 


peak is measured as accurately as possible and a correction made on the 
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basis of the composition of present day air argon, 

Potassium is determined by two methods. After a double leach 
following dissolution with HF and H2S0y and ignition, potassium is precip- 
itated with sodium tetraphenylboron solution (biotites) or determined by 
flame photometry (hornblendes). Correction is made for a small amount of 
coprecipitated rubidium tetraphenylboron in the first procedure. 

Replicate analyses by the author and Mr. R. K. O'Nions suggest 
that the precision of the tetraphenylboron method is approximately 1% of 
the potassium content of micas and the precision of flame photometric 
determinations on hornblendes is approximately 3%. Details of the pro- 
cedure are well established in the laboratory and are recorded in several 
previous theses (Peterman, 1962, Leech, 1965). 


Argon peaks are corrected in the manner shown in Table 27. 


LO _ 4 
Ap* = Cart dite. Awe eae ts Obrair a tO eeoaadual) 


OP Ar 5 nike = Bari otal = 38ar residual (38 ar from the air is almost always 
negligible for Precambrian samples) 


6 J 
; AYair = Partotal Boi enidual sp arsnike) 
Since the volume of 28ar in the previously calibrated spike 
is known, the amount of 4Oay may be calculated after correction for mass 


discrimination: . 


vol 38 ar 


ample weight x (3 Argnike/ Ar) corrected 


Ss 
Interlaboratory comparison of a standard muscovite sample 
(P-207) indicates that the analytical data from this laboratory compares 
favourably with determinations from other major laboratories (Lanphere 
and Dalrymple (1967). 
The volume of 40 ay is converted to parts per million and the 
percentage Ko0 to p.p.m. 40K, The ratio of these quantities is substituted 


into the general equation developed previously to give the date of the 
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sample. In the most practical form this equation is expressed as:~- 


ze) 
t=4,341 x 107, Log (2 *. a) million years. 
K 


Rubidium-strontium whole rock method 


This method is perhaps the most powerful single tool available 
to the geochronologist, because a closed chemical system may usually be 
approximated using a sample of the size of a large hand specimen. Analysis 
of a series of cogenetic samples with diverse Rb/Sr ratios provides a test 
of closed system behaviour (Compston et al., 1960), and the resulting 
linear trend is known as an isochron (Nicolaysen, 1961).. 

Rubidium forms no minerals of its ow, but is readily admitted 
into the lattices of potassium minerals. It occurs as two isotopes of 
mass 85 and 87, ®Rb is stable, but °7Rb decays by B” particle emission 
to 875r, Measurement of the absolute specific activity of 87Rb is diffi- 
cult because of the large number of low energy Bo particles in the energy 
Spectrum, For this reason controversy surrounds the value of the 87 Rb 
decay constant, 

Flynn and Glendenin (1959) counted the specific activity of 
natural rubidium by dissolving an organic Rb-salt in a liquid scintillator 
and determined a decay constant of \ = 1.47 x 10-11 /year, Since this 
experiment, at least 7 values of d 8?pp have been determined (Leutz et al., 
1962), ranging from A. = 1.19 to 1.47 x 10711 /year. Aldrich et al. (1958) 
determined a value of A®7Rb = 1.39 x 10711/year by comparison of 87Rp/8?sr 
ratios of pegmatitic minerals with concordant U-Pb ages of cogenetic 
uraninites. Dr. W. Compston (pers. comm.) finds that d 8?Rb = 1.39 x 107 / 


year is more compatible with K-Ar and K-Ca ages obtained on the same minerals, 
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Recent experience in this laboratory supports the use of this decay 
constant. However, a recent direct determination by McMullen et al., 
(1966) favours the \ = 1.47 x 10711 /year decay constant. 

The A Rb = 1.39 x 1071+ /year decay constant has been 
adopted, not withstanding the fact that dates derived using this constant 
should check with U-Pb dates since this constant is derived by comparison 
with U-Pb data, If it is necessary to compare these data with those 
obtained using the alternative decay constant, it is necessary to subtract 
= 6% from the dates quoted in this thesis. 

Although applicable to many of the same minerals used for 
K-Ar determination, the Rb-sr method is limited in its scope by the 
very long half life and the presence of common strontium in most rocks 
and minerals. The whole rock method is particularly useful in Precambrian 
rocks although exceptionally favourable proportions of rubidium to common 


strontium allow minerals as young as 12 my. to be dated (Jager, 1966). 


Table 14, Isotopic abundances of common strontium 
and rubidium 
Abundance 
ees atomic percent 
87 Rp 27,85 ) 
3 ) (Nier, 1950) 
Rb 72.15 ) 
88.5, 82.56 
' +) (Bainbridge and Nier, 1950) 

865, 9.86 
SH 0.56 ) 


The theoretical basis on which an isochron is based is as 
follows (adapted from Baadsgaard, 1965):- 


Let the subscript o denote the time at which a rock or mineral 
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first became a closed system and p denote the present time. 


Since oPRb = oir ek, 
8 
and "Rb . 87 = OTs p8 (radiogenic daughter nuclide), 
then 87 (et =i) = Vonks (1) 
8 25 8 
But ‘sr, = “'sr, + lar’, 


Substituting in (1) 
87. _ 87 B7p, (dt 
Sry Sax + Rb, (e = Dy 
Dividing through by 86sn, an invariant quantity, and rearranging, 


—) ss (a= | a (=) nee - 1) 
865r/ p 865y} 0 865, 


rs rst 

If values of (87sr/8sr),, and (°7Rb/8°sr)_, are plotted and 
fall on a straight line, then the time which has elapsed between closure 
of the Rb-Sr system and the present is given by solving the equation 
involving the slope of the line. 

slope = Ps -l 

In addition to the application of the whole rock Rb- Sr 
isochron method to plutonic rock units which may reasonably have a 
common age and initial 8751/86, ratio, the method has also been applied 
to sediments (Compston and Pidgeon, 1962, Whitney and Hurley, 1964) where 
these conditions are less obvious. Although complicated by the uncertainty 
introduced by inherited radiogenic strontium in the detrital fraction of 
the rock and selective removal of either strontium or rubidium during 
transportation and diagenesis, the method has been successfully employed 
by Fairbairn et al. (1967) on metasediments in the Canadian shield. 

The reason for successful dating of Precambrian metasediments 
probably lies in a relatively simple isotopic provenance and the relatively 
short time interval between the time of formation of the source rocks and 


Subsequent weathering, transportation and sedimentation. 
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Strontium isotopic ratios have been applied to petrogenetic 
problems as well. Here the initial 8757/8 sp ratio is of most interest, 
as the initial ratio is generally characteristic of the source. 

Initial 8757 /86sy ratios from rocks thought to originate in 
the upper mantle (e.g. oceanic basalts) are generally low, ranging from 
0.700 to 0.705 (Faure and Hurley, 1963; Hedge and Walthall, 1963; Heier 
et al. 1965). There has been a slight increase in the 875, /86sy ratio in 
such rocks with the passage of time, approximately along the line joining 
Gast's achrondritic meteorite value (0.698) to the values obtained from 
modern oceanic basalts. The slope of the line suggests an average Rb/Sr 
ratio of 0.021 in the upper mantle. An increasing body of precise evidence 
(Gast, 1965, Compston et al. 1968) suggests that regional variation of 
Rb/Sr in mantle source regions may cause the observed variations in 
875y /86gy ratios, In general, basalt series characterised by high K20 
contents such as alkaline olivine basalts and quartz tholeiites have the 
highest 8757 /8&sr ratios and the lowest ratios are found in oceanic 
tholeiites and olivine basalts. 

Significantly higher initial ratios (87sr/86sr > 0.710) 
commonly are restricted to acid rocks. In many cases it may be demon- 
strated that granitic rocks have been at least partly derived from a 
source with a higher Rb/Sr ratio such as underlying sialic crust 
(Moorbath and Bell, 1965). The most puzzling problem at present is 
that concerning the continental tholeiites and their differentiates, 
These often contain radiogenic strontium in excess of that which can be 
produced by radioactive decay in situ. Hamilton (1965) shows isotopic 
evidence for contamination of the Skaergaard acid granophyres by partial 


assimilation of country rock. Compston et al. (op. cit.) emphasise that 
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the high initial ratios of the Tasmanian and Antarctic dolerites are 
incompatible with simple crustal assimilation because of the low K/Rb 
ratio (4/210) and the remarkable uniformity of these rocks over what is 
now described as a major magmatic province, It is necessary to postulate 
selective diffusion or partial melting of the lower crust on a regional 
scale to explain the regional occurrence of these rocks unless gross 
compositional variations occur in the upper part of the mantle. 

In view of these problems, the initial 8757 /8&sp ratio is 


seen to be a potent, though complex, indicator of petrogenetic history. 


Samples for Rb-Sr whole rock determinations are selected 
on the basis of thin section study and X-ray fluorescence assays for 
approximate Rb and Sr content. Optimum amounts of sample which would 


B@cx/>°Gn' and ©/Rb/OORb ratios of approximately 2.0 after combin- 


yield 
ation with individual spike solutions are calculated from the preliminary 
X-ray fluorescence data. An unspiked sample containing approximately 20 
micrograms of Sr is also prepared from a homogeneous sample split. 
Strontium is separated with cation exchange resin (Dowex 50W-X8, 200- 

400 mesh) and loaded as the chloride onto oxidised tantalum filaments 
where it is glowed in air before preliminary vacuum heating to remove 
rubidium. Rubidium is extracted and loaded as the sulphate. A detailed 
description of the Rb-Sr chemistry is found in Appendix 3. 

Mass spectrometry was performed on a 6 inch radius, solid 
source, single-filament instrument with 60°-sector magnetic deflection 
Paes vind and built by Dr. G. Cumming). Isotope dilution analysis was 
used for both rubidium and strontium determination. Most strontium 
analyses were recorded using a Dymec integrating digital voltmeter with a 


Hewlett Packard digital printer on line from an Electronic Instrument Ltd. 
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vibrating reed electrometer. Peak switching was accomplished by changing 
the magnet current with a variable shunt network. 

In spiked strontium analyses, use is made of the augmented 
Bc /865, ratio to calculate the mass discrimination of individual analyses. 
An iterative procedure which is necessary for calculation of Nor using a 


B45, /88s,. spike is described in Appendix 4 , as are calculations 


mixed 
required to determine the 87sr/86sr and 87Rb/®6sr ratios. 
An original computer program was written in Fortran IV in 


order to facilitate calculation of Sr isotope ratios, 


Uranium - lead method 

Of the several naturally radioactive decay schemes used in 
geochronology, the chemical similarity of parent and daughter nuclides 
in the U-Pb system produces the most favourable conditions for comparison 
of apparent dates. As a general rule, pegmatitic uraninite is the only 
mineral from which concordant U-Pb dates are obtained. Zircon 
is the most commonly used mineral for U-Pb geochronology because of its 
Widespread occurrence as an accessory mineral. While individual 207pp/ 
235y and 206 py /235y dates are usually discordant, valid interpretations 
may be deduced from a suite of zircons using the "concordia" approach of 
Wetherill (1956) and Silver, et al. (1963) or the "discordia" theory of 
Tilton (1960) and Wasserburg (1963). No apparent dates demonstrably in 
excess of estimated true ages have been obtained, so that U-Pb ages on 
zircons are reliable minimum estimates of a zircon-forming process, 

The decay schemes (abbreviated) of the two U-Pb systems used 


in this study are as follows:- 
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Nuclide Stable decay products 
238y 206p, + 8 “He (4, = 1.54 x 10719 /year) 
2355 207py + 7 tHe (Ag = 9.72 x 107° /year) 


The decay constants are known to a precision of less than 1% (Banks and 
Silver, 1966). 
From the decay equations, 
206pprad = 238y (gA1* _ 1) 


207pprad = 235y (o2* _ 4) 


three dates may be calculated, the first two in the conventional manner 


and a third, the so-called "lead - lead" date from the relationship: 


t 
207ph 8 (At 9) 
206P) 13738 (e2" _ 1) 


The “lead-lead" date is not an independent determination but 
is valuable in that it is relatively insensitive to lead loss after the 
first closure of the system, When U-Pb dates are discordant, the 207 pp / 
206p, date generally agrees most closely with Rb-Sr and K-Ar dates on 
cogenetic minerals. | 

Analyses used in a "concordia" plot (see Fig. 7) mst be 
corrected for any initial non-radiogenic lead (common lead) present in 
the sample and for contaminant lead introduced during chemical dissolution 
of the zircon and subsequent extraction of lead. Pending the determination 
of common or least radiogenic lead in associated feldspar phases, it has 
been assumed that the composition of common lead is that of conformable 
lead (on the Russell ~ Farquhar model, Kanasewich, 1962) of the same age 
as that of the sample. This calculation requires an iterative procedure 
which is described in Appendix 4. The convergence is very rapid and may 


readily be computed on a desk calculator. A computer program in APL was 
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written by Dr. H. Baadsgaard to check the manually computed values. The 
composition of laboratory contaminant lead was determined independently. 
Because of the high 206py /204p, ratios of most of the zircons, the corrections 
for common and contaminant lead are not usually critical. In general, 

zircons with the highest uranium content are most likely to give a greater 
degree of discordance and may have an increased relative amount of common 


lead contaminant, 


Zircon discordance patterns usually follow the sequence 
207pp/206pp date > 207pp/235u date > 206pp/238y date, Wetherill (1956) 
interpreted this pattern to indicate episodic lead loss and developed a 
graphical solution (see Fig. 7) in which the upper and lower intersections 
of a chord with the "concordia" yield the time of formation and the time 
of disturbance respectively. The "concordia" curve is the locus of points 
along which 206pp /238y and 207 pp /235y systems give the same date. While 
the episodic loss model has been applied successfully by Silver et al. (1961, 
1963) (Fig. 7a), many examples have been found where they is no evidence 
for a geological event corresponding to the lower intersection on the 
"“concordia", To explain this problem, Tilton (1960) proposed that lead may 
diffuse continuously from crystals at a rate governed by a diffusion 
coefficient, the effective radius and the concentration gradient. Solution 
of the diffusion equation (Tilton, op. cit., p. 2936) leads to a model 
which follows the episodic pattern over the upper part of the "concordia" 
plot but curves towards the origin at low values of 206 py /238y and 207 Bp / 
235y (Fig. 7b). Tilton (1960) shows the complexity which results from a 
combination of episodic and continuous diffusion lead loss patterns (Fig. 7c). 
It is fortunate that most suites of zircons from cogenetic rock phases plot 


on well defined straight lines on a "concordia" diagram. 


(a) Zircons from South-east 
granodiorite (DCG 120) 
Plain light, X 64. 


(b) Zircons from granodiorite 
boulder, Sub Is. conglo- 
merate (DCG 116). 

Plain light, X 100. 


| (c) Zircons from Yellowknife 
metavolcanics, dacite 
(Brock) horizon. 
(DCG 75-206) 
Plain light, X 100. 
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The zircons studied in this thesis range from pale blue-green, 
through pale purple or pink to pale brown in colour, All could be classified 
as hyacinths on the basis of high birefringence and colour. Those from the 
South-east granodiorite are elongated (Folinsbee, 1955, reports an elongation 
index approaching 32), are well crystallised with good development of both 
111 and 331 pyramidal faces and are almost free from inclusions. The 
zircons from the Yellowknife volcanics are relatively large (.5 to 2 mms.) 
pale brown hyacinths, well crystallised and slightly zoned. Their elongation 
ratio varies between 2 and 4, Those from the Western granodiorite are 
distinctive in that they are slightly dusty, pale purple or pale brow 
in colour and well crystallised but with 111 pyramidal terminations alone, 

A slight haematite staining is crystallographically controlled. The Ross 
Lake granodiorite zircons are similar to those from the Western Granodiorite, 
They range from clear pale brown hyacinths to dusty forms and are somewhat 
less angular. 

Zircons from conglomerate boulders are entirely comparable 
with those of the South-east granodiorite., In the sediments approximately 
80% of the zircons show some evidence of rounding. Although a large 
sample of the Redout Lake granite was collected, only a few zircons were 
separated, These appeared to be of a normal type, similar to those 
described by Folinsbee (op. cit.) from the Prosperous Lake granite, which 
is also very deficient in zircon. 

The zircon populations are very similar to those described 
from around Lake Superior by Tyler et al. (1940) where hyacinths are 
dominant in the pre-Huronian granites, particularly the pre-Knife Lake 


Group granites of Minnesota. 


The analytical procedures employed for determination of Pb 
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and U are similar to those described by Tilton et al. (1955). While it 
was not possible to work with filtered aix, all reagents were made up with 
redistilled lead-free reagents and the cleaned apparatus covered with 
Parafilm until required for use, The laboratory blank for solution of 

the total sample is about 1 microgram of total lead under normal working 
conditions, 

Zircons are fused in a deep platinum crucible with between 6 
and 10 times their weight of purified sodium tetraborate. Most fusions 
are complete in 3 hours at a temperature of 1,000°F, The fused sample is 
then dissolved in about 75 ml. of redistilled 6N HCl diluted 1:3 with 
water, With constant stirring no silica residue comes out of solution. 
The solution is made up to 100 or 250 ml. and stored in cleaned rolteent’s 
flasks, Aliquots are withdrawn from the stock solution for spiked and 
unspiked lead determinations and for spiked uranium determinations, 

Lead is extracted with a 0.01% solution of dithizone in 
chloroform from an alkaline (pH = 9) aqueous phase of the sample solution 
containing saturated ammonium citrate. The extract is then filtered and 
back extracted with 24 HNO3. To the aqueous phase is added 5 - 10 ml. 
of 2% KCN and a few ml. of dil. NH,OH solution, and the dithizone extraction 
is repeated with 0.001% dithizone solution. The lead dithizonate is back- 
extracted with 2% HNO3 and washed with purified chloroform. The aqueous 
phase is transferred to a centrifuge tube, adjusted to pH 4,5 and PbS 
precipitated by passing H2S through the solution. The precipitate is 
centrifuged and transferred to an oxidised Ta filament for mass spectro- 
metry. It is necessary to load a small portion of the supernatant liquid 
with the sulphide and decompose this on the heated filament to ensure the 


most stable emmision. Spiked determinations are made in the same manner, 
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the 2°8pp spike solution being added to the sample aliquot before the 


first dithizone extraction. 


A preliminary purification of uranium is made by coprecipit- 
ation with zirconium hydroxide from a hot solution by passing NH3 gas 
through the combined 235y spike and sample solutions. The precipitate is 
centrifuged, washed, and dissolved in a drop or two of 6N HNO3 plus 
saturated A1(NO3)3-solution. Uranium is extracted with 25 ml. of hexone 
(methyl isobutyl ketone) and the aqueous phase discarded. The hexone 
solution is then filtered through qualitative grade filter paper and 
stripped with water. The aqueous phase is evaporated to near dryness, 
taken up with 2 or 3 drops of conc, HNO3 and saturated NH)NO3 solution is 
added. A second extraction with hexone follows after which the uranium 
is extracted with water and the aqueous phase evaporated to dryness, The 
residue is picked up in a drop of 0.01M. HNO3 and loaded onto an oxidised 
Ta filament for the mass spectrometry. 

Uranium mass spectrometry was performed on the 6 inch instru- 
ment previously described in the section on Rb-Sr geochronology. Uranium 
aliquots were spiked so that the *29u/#38u ratio was close to unity and 
the results have a precision of + 0.5%. 

Isotope analyses for lead were carried out on a 12 inch radius, 
60° sector, single focussing, single filament, solid source mass spectrometer 
designed and built by Dr. G. L. Cumming of the Department of Physics, 
University of Alberta. The calibration of the instrument has been compared 
with N.B.S. standard reference sample 982 ("equal atom lead") and with 


Broken Hill galena, The results are tabulated below: 
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Table 15. Calibration of 12 inch mass spectrometer 
with N.B.S. 982 and Broken Hill leads 
Ns. 5. S. 982 
Standard values (Catanzaro et. al., 1968) 
Ue Or By 
208/206 1.0001 + 0.0005 1.0002 
207/206 0.4671 + 0.0002 0.4671 
204/206 0.02717 + 0.00003 0.02722 


Broken Hill galena Ulrych (1967, pers. corm. Dr. H. Baadsgaard) 


208/206 2.2282 + 0.0010 242283 
207/206 0.9616 + 0.0010 0.9620 
204/206 0.06239 + 0.00004 0.06248 


The precision of individual measurements on samples ranges 
between 0.3 and 1.5% for 204/206 measurements and less than 0.1% for 
207/206 and 208/206 measurements. Reproducibility errors are probably 


no more than 0.3% for 207/206 and 208/206 measurements. 


Results 

In this section, results from the three radiometric methods 
are tabulated. Interpretation of the results is deferred until Chapter 
IV, and a detailed evaluation of the error limits is made in Appendix 6. 
In order to evaluate the results, some mention must be made of the 
principal error sources involved in the analytical procedures. Sample 
inhomogeneity, variable blank contamination and inaccurate isotopic 
measurements are the chief sources of analytical error. 

Sample inhomogeneity is likely to be a source of error in the 
Rb-Sr method as different portions were taken for spiked Sr, unspiked Sr 


and spiked Rb determinations. To minimise this possibility, each sample 
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was ground for 4 minutes in a swing mill and thoroughly mixed before 

aliquots for spiked and unspiked determinations were removed. De la 

Cruz (1967) suggests that the sample be brought into solution and aliquots 
for spiked Sr, unspiked Sr and Rb determinations withdrawn when necessary. 
Such a procedure is necessary if micas are an important component of the 
sample. Variable blank contamination is difficult to avoid but is reduced 
by using redistilled and "lead clean" reagents and by conducting evaporations 
under a hood through which passes filtered air at slightly above atmospheric 
pressure. 

Most isotopic measurements for Pb and Sr were recorded on an 
integrating digital voltmeter and are precise to better than 2 parts per 
1,000. With stable emission, the precision is better than 1 part per 1,000. 
Rubidium and U isotopic measurements are considered to be within + 0.5% of 
the true value, “Oar measurements within + 1% (Baadsgaard, 1965) and 40K 
measurements to within + 3% (hornblendes) or + 1% (micas). Error limits 
on analytical results are quoted as plus or minus 1 standard deviation. 

Results which consistently fall outside these limits may be 


attributed to geological variation and require a geological interpretation, 


Kar Data 

Potassium-argon dates and analytical data are reported in 
Table 16. Appendix 2 gives the precise location of the analysed specimens 
and for convenience the dates are grouped in terms of rock units in Table 
17. Other recent dates by Burwash and Baadsgaard (1962), the Geological 
Survey of Canada (Lowden, 1961 et seq.) and Green et al. (1968) are also 


tabulated here. 


Eight pairs of dates were obtained on coexisting biotite + 
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muscovite or hornblende assemblages, Examination of Table 17 shows that 
in only one case is the biotite date greater than that of the coexisting 
mineral, A check of the Kp0 determination on hornblende in this sample 
(*, —~ Table 17) revealed no significant error and the low date is inex- 
plicable at the present time. In one case biotite and hornblende gave the 


same date but in six cases, biotite is significantly younger. 


Rb-Sr Data 

Tables 18 to 24 show the analytical data on which Rb-Sr 
isochrons are based. Isochrons have been fitted to the analytical data 
with the aid of computer programmes which allow for non-uniform variance 
in 87 5p /85sr ratios and incorporate prior estimates of the experimental 
precision for both coordinates (McIntyre et al. 1966, York, 1966), Figs. 
8 to 14 illustrate the isochrons that are based on the experimental data. 
Figs. 8, 12 and 14 contain isochrons fitted according to the model of 
McIntyre et al. using the error parameters: X (variance of unspiked 


determinations) = 1.95 x 107° 
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, Y (variance of spiked determinations) = 
Meee 107°, conx (constant of variance of P’Rb/°°Sr) = 38.13 x 107° 
(Green et al., 1968). Figs. 9, 10, 11 and 13 show isochrons fitted to 

the data points with a modification of the York programme written in APL 
by Dr. H. Baadsgaard. In more recent work it is considered that the 

error limits in this laboratory are better than those established by 

the writer and others during 1967 and used in the original Fortran IV 
McIntyre programme. For this reason the value of the variance of unspiked 
runs has been reduced to 0.4 x 1076 and that of spiked runs to 1.0 x 1076, 


The error limits quoted on the diagrams are those of the respective 


methods. Where X-ray fluorescence methods have been used for Sr determination, 
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Table 26, Uranium-lead data and radiometric dates 
U Radiogenic Pb U-Pb dates veh &: 
Specimen ppm. ppm. 238y/ 235u/ 207u/ 
235 238 208 207 206 206pp 207ph 206pp 
Fort Rae 8.606 1201.4 31.138 47.341 295.29 1625* 2040** 2490* 


DCG 5 (fine) 3.614 504.44 21.071 29.192 173.89 2180 2390 2565 


DCG 5 (coarse) 4.229 590.41 23.976 32.236 194.83 2100 2330 2540 


F-82 5.990 836.18 51.717 48.067 285.27 2160 2380 2575 
Dec 259 "5.085 709.87 32.670 41.260 235.05 2110 2390 2640 
F-52 "4,256 59414 12.187 19.839 116.78 1330 1890 2590 
F-10A 20715 379.08 15.288 11.375 65.967 1190 1800 2610 
F-10B 2.779 387.91 12.760 13.058 76.062 1330 1900 2605 
F-11 2.962 413.52 14.061 21.484 125.12 1950 2290 2605 
F.13 3.403 475.03 19.70% 28.395 164.05 2185 2420 2620 
DCG 120 2.131 297.46 15.568 14.400 82.157 1800 2220 2640 
Dec 116 6,577 918.18 33.910 48.774 285.51 1995 2310 2595 
F.24 6.965 972.25 20.61% 19.312 114.16 830 1460 2575 
Ply 5.543 773.79 «24.105 19.527 118,69 1060 1660 2530 
Dec 206 6.478 904.40 40.768 55.514 314.33 2195 2440 2650 


= on ew ow aw ao ww om a ew ae ae ep Gd a GO Gam aes Oo) Gat Gs ee ee Ge eo eG Se a ee Ge ee es a a ee Oe a cs) Se es ee 


* rounded to nearest 5.my. 
*%K " W " 10 MeYe 


NOTE: Common lead correction (generally small) oe based on Russell-Farquhar 
normal model lead of same age as “97Pb/“°5pp age. Composition of 
laboratory contaminant lead is 1 : 20.2 : 17.05 : 40.05. 
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a value of CONX of 50 x 10-6 has been used and the variance of unspiked 
87sr/86sr ratios is estimated at 4 x 10-6, Insufficient duplicate deter- 
minations have been made to determine these parameters more precisely, but 
the above estimates are believed to be generous estimates of the experimental 


precision, 


U-Pb Data 

Tables 25 and 26 show the analytical data from uranium and lead 
isotopic determinations carried out on 15 samples. The results are given 
in terms of the observed unspiked lead isotope ratios, the isotopic ratios 
for spiked samples and the calculated U-Pb dates. 

If errors are assigned to the dates on the basis of measurement 
precision alone, the error limits on the quoted dates are within + 10 my. 
in each case. These are well within the limits quoted by Stieff et al. 
(1959) who incorporate estimates of the precision of the various decay 


constants. 
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CHAPTER IV 
INTERPRETATION OF RADIOMETRIC DATA 


Reconnaissance K-Ar geochronology of the Slave province 
carried out by the Geological Survey of Canada clearly established a 
close correlation between the Kenoran orogeny in the Slave province and 
the type Kenoran orogeny of the Superior province (Stockwell, 1964). 
Stockwell (p. 5-6) found that mica K-Ar dates from the major orogenic 
events affecting the Canadian Shield were normally distributed, and on 
this basis proposed that the MM (mean minus one standard deviation) could 
be used to define a time-stratigraphic boundary at the end of an orogeny. 
The probable duration of an orogeny is defined by Stockwell as the interval 
between the MM and MP values, If these concepts are accepted, the K-Ar 
data recorded in this thesis from a small part of the Slave province 
amply confirm Stockwell's correlation with the type Kenoran orogeny; e.g. 
MM = 2,407 my., M= 2,463 my. and MP = 2,519 my. The 30 mica K-Ar 
determinations used in the present statistical evaluation include five 
G.S.C. dates from the Yellowknife subprovince (G.S.C. 61-67, 61-64, 60-49, 
61-68 and 61-66), four by Burwash and Baadsgaard (1962) and three recently 
reported by Green et al. (1968) in addition to new analyses included in 


this thesis, 


Although Moorbath (1967) regards the plotting of K-Ar histo- 
grams as futile unless the analytical dates are related to the true age of 
a geological event, some pertinent comments may be drawn from an examination 
of Figs. 15 and 16. In general, K-Ar dates on hornblende are the oldest, 
muscovites are slightly younger and biotite may be considerably younger. 


Where coexisting mineral pairs are available (Table 17), a situation arises 
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in which K-Ar dates on biotite and coexisting muscovite or hornblende 

often lie outside the error limits of the analytical procedures. Such 
discordance has been termed "updating", "partial updating" or "overprinting". 
It is obvious that the oldest apparent K-Ar dates from a given rock unit 
will most nearly approach the time of crystallisation of that unit. 
Inspection of the individual histograms (Fig. 16) suggests that the South- 
east granodiorite may be as old as 2,650 my., Redout Lake granite and 
pegmatites 2,600 my. and other units as old as 2,550 my. 

Grain size plays an important role. The oldest dates on micas 
are from coarse-grained, pegmatitic minerals and the youngest from massive, 
even-grained granodiorites. Such discordance is commonly attributed to the 
influence of a later thermal event. This may take the form of a separate 
thermal pulse or the closure of an entire metamorphic episode as cooling 
occurs. 

The difference in dates between micas and hornblendes is clearly 
explicable in terms of the considerable difference in activation energies 
for argon loss from the respective minerals. It should be noted that the 
apparent difference in retentivity of radiogenic argon between muscovite 
and biotite may be more apparent than real as simple diffusion theory 
(volume or lattice diffusion) shows that the fractional loss of ar from 
a crystal is inversely proportional to the significant diffusion dimension, 
This effect was investigated by Hart (1964) and found to be valid for 
anisotropic crystals such as micas. Most muscovite samples come from 
large pegmatitic books while biotites vary considerably in grain size. 

The nature of the later thermal event is controversial. In 
Chapter II (Metamorphism) reference was made to a pervasive retrogressive 


hydrothermal episode associated with the Prosperous Lake granite and causing 
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extensive chloritization of biotite. This event may be responsible for the 
invariably younger dates recorded on chloritized biotites from this body. 
Muscovites appear to be unaffected and give sharply defined dates of 2,500 
to 2,550 my. 
The western border of the Western granodiorite also shows clear 
evidence of "updating" caused by the encroachment of the Hudsonian event 
onto the Yellowknife craton. Sample DCG 233 contains relatively large 
flakes of biotite and fresh books of muscovite which give dates of 1,970 nz 
25 mye and 2,190 + 28 my. respectively. This sample was collected more 
than five miles from the nearest granitic body that is regarded as Proterozoic, 
The result is similar to the dates quoted by Wanless (in Leech et al., 1963) 
which were obtained from biemica granites close to the Archaean-~Snare Group 
unconformity between Basler and Arseno Lakes (Ross and McGlynn, 1965). Apart 
from these two cases where a later event is clearly established, loss of radio. 
genic argon could also occur as a result of cataclasis near the large trans- 
current faults of the Yellowknife Bay area. The thermal effects of the 
extensive diabase dyke swarms apparently are not important (Leech, 1966). 
Recent papers (Armstrong, 1966, Harper, 1967 and Moorbath, 1967) 
emphasise the importance of an appreciation of the mobility of radiogenic 
daughter nuclides under the pressure - temperature conditions of orogenesis, 
In these considerations more importance is placed on the termination of a 
continuous +r diffusion process consequent upon uplift or slow cooling 
rather than the implied relatively rapid closure and subsequent opening 
of the system required by the "updating" hypothesis, There is some evidence 
that high level granitic rocks (emplaced in the epizone) may cool very 
rapidly. Larsen (1945) has calculated that a time of as short as one 
million years is required for a large batholith of the mesozone to cool 


from 800°C to 200°C. (This figure is misquoted in Hamilton, 1965, 
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where the evaluation of Lovering, 1955, is confused with Larsen's 
original figure), The thermal history would be very much more complicated 


in a combined regional metamorphic and intrusive epoch. 


Baadsgaard et al. (1961) report K-Ar dates as young as 18 my. 
from quartz diorite plutons near Chilliwack, British Columbia. Examples 
such as this, together with dates as young as 11 my. from the Alps 
(Jager, 1966) and less than 5 my. from the New Zealand Alps (Hurley 
et al., 1962) emphasise how closely biotite K-Ar dates reflect the time 
of erosion and sedimentation in a newly formed mountain belt rather than 
the time of crystallisation of a mineral phase at depth. 

To explain the results quoted in the previous paragraph in 
terms of “updating”, it would be necessary to postulate a major thermal 
pulse in the upper Pliocene or Pleistocene. There is no evidence for 
such an event in the Southern Island of New Zealand or in the Swiss Alps 
and only minor evidence of reheating in the third case, attested by the 
Pleistocene volcanics of the Garibaldi Group of southern B.C. Gabrielse 
and Reesor (1964) demonstrate the range of mica K-Ar apparent dates 
which characterise the Cordillera of southern B.C. Itisa sobering 
thought to consider the demonstration by J. V. Ross (1966) that a very 
similar range of histogram peaks may be obtained by plotting an equal 
number of values (to which are attached error limits) from a table of 


random numbers, 


Although the apparent bias between K-Ar dates has been con- 
sidered (see above) to be partly a function of grain size, Jager (1966) 
and Harper (1967) suggest that system closure to 4Onr loss in muscovite 


occurs before that in the biotite lattice. This effect is explicable on 
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crystallographic grounds as muscovite forms stable, fully ordered 2M) 
polymorphs while stacking disorder is common in the other micas (Smith 
and Yoder, 1956). 

Despite a discrepancy between experimentally determined 
activation energies (summarized by Fechteg and Kalbitzer, 1966) and those 
deduced on geological grounds (e.g. Hurley et al., 1962), reasonable limits 
may be set to the temperatures at which minerals become effectively closed 
systems to 4OAr loss in nature, Moorbath (1967) suggests between 150°C - 
200°C.for biotite and between 200°C and 300°C for muscovite. 

The function log D vs. 1/T (or log D/a@ vs 1/T) is generally 
non-linear for sheet silicate lattices and there are consequently at least 
two values of the activation energy (E) in the diffusion equation: 


y -E/RT where D = diffusion constant (cm“/sec.) 
pee toe and T = absolute temperature 


Since laboratory values of the diffusion parameter D/a* (where a is the 
effective radius of diffusion) for micas are generally smaller than 10-29 


sec7- 


and volume diffusion at relatively high temperatures is the rate- 
controlling step (neglecting gross lattice imperfections), it is reasonable 
to assume that the effective activation energy is somewhat higher than that 
obtained by the indirect measurement of Hurley et al. (1962). For these 

reasons, biotite is effectively closed to 4Oar diffusion at a temperature 
somewhat above that encountered in deep drill holes entering the basement 
beneath the Western Canadian sedimentary basin (Burwash et al. 1962). 

It is difficult to decide whether the scatter in biotite K-Ar 

dates from the Yellowknife area is the result of "updating" or represents 
progressive closure in response to gradual cooling of the entire area. 


That the Slave Province (Yellowknife craton) was exposed at the surface 


before deposition of the Great Slave group was established by Stockwell in 
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1936 and confirmed by the radiometric dating of Burwash and Baadsgaard 
(1962). These latter authors suggest (p. 27) that peneplanation may have 
required a time span of 100 m.y. and deposition of the Great Slave group 

a similar length of time. Since a syenite dyke dated at 2200 my. (K-Ar, 
biotite) cuts the Great Slave group, it is likely that some part of the 
Yellowknife craton was exposed at the surface at least 2,300 my. ago. 
Practically all the fresh mica K-Ar dates fall in the range 2,350 to 2,600 
mey.e and there is no evidence of a younger mineral-forming event to account 
for this spread of values. Since the majority of the minerals dated by the 
K-Ar method are relatively fine-grained biotites, it is reasonable to expect 
a negatively skewed distribution of biotite dates on a histogram if progressive 
closure is effective, and a positively skewed distribution (cf. Baadsgaard 
and Godfrey, 1967, Fig. 5) if "updating" is effective. The histogram 

shown in Fig. 15 is slightly negatively skewed but there are insufficient 


data to give an unequivocal answer. 


In all probability, the Yellowknife craton has undergone a 
multi-stage thermal history in which dates from the least retentive fine- 
grained biotites do represent the termination of a regional diffusion episode. 
However, coarse-grained micas form a spectrum of dates lying between the 
oldest and youngest major intrusive events. Pegmatitic muscovites are 
particularly retentive and suggest that the final hydrothermal metamorphism 
was insufficient to expel any substantial amount of radiogenic 40 ay from 


the muscovite lattice. 


No K-Ar data are available from the Yellowknife Group rocks in 
the thesis area, but a recent K-Ar determination on a muscovite from a 


conglomerate boulder near the top of the volcanic section at Point Lake, 
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200 miles north of Yellowknife, yielded a date of 2,660 + 75 my. (G.S.C. 


65-64, Wanless et al., 1967). 


The foregoing discussion illustrates some of the problems that 
are encountered in attempting to elucidate the geochronological history of 


an area by means of K-Ar dates alone. 


Turning to rubidium - strontium methods, the bulk of the data 
has been derived from whole rock samples. Analytical dates from this 
method have been proven to approximate the true age of crystallisation 
(Compston et al., 1960, Nicholaysen, 1961). From this point onwards in the 
discussion, the term "age" will appear more frequently as the analytical 
methods allow a crystallisation or recrystallisation episode to be defined. 

Rb-Sr isochrons were obtained from the oldest exposed rock 
units, the Yellowknife Group metavoleanics (Figs. 8 and 9) in the Yellow- 
knife Bay and Cameron River areas. In spite of the metamorphism of this 
series of rocks, the whole rock isochrons represent a reasonable fit to 
the analytical data. In the case of the less metamorphosed Yellowknife 
area, the fitted line falls within experimental error limits to give a 
Model 1 result using the statistical assessment of McIntyre et al., 1966). 
The scatter in analytical data for the Cameron River area shown in Fig. 9 
is probably due to a combination of experimental and geological factors. 

In this case, the strontium concentration of samples was measured by means 
of X-ray fluorescence and only the most radiogenic sample was re-analysed 
for isotopic composition of strontium, The remaining unspiked 875y /B6sy 
data are those recorded by Mr. 0. Van Breeman in 1964-1965 (pers. comm. 

H. Baadsgaard). The samples from the Cameron River area were originally 


collected by Edie (1949) and because of the substantial alteration and 
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metamorphism of this series of metavolcanics, the writer was not able to 
collect more suitable samples specifically for Rb-Sr work. Rubidium compos- 
itions were determined by isotope dilution and substantially confirmed the 
X-ray fluorescence values obtained by Van Breeman,. 

The Rb-Sr isochron ages for the two areas of metavolcanics, 
2,625 + 160 my. and 2,627 + 104 my. are not statistically distinct from 
those of the batholiths which intrude them. However, the mean values of 
the isochron slopes are consistently greater than that of the intruding 
plutonic bodies, lending support to the classic concept of Archaean meta- 
volcanics intruded by large granitic bodies. The initial 87sr /86gr ratio 
obtained from the well-defined Yellowknife area isochron (0.7022 + .0023) 
is consistent with a subcrustal origin. The initial ratio of the Cameron 
River samples (0.706 + .005) is less well defined and does not allow any 


firm conclusion to be drawn as to the source. 


The results are slightly older than dates (regarded as minimm 
dates), obtained by Fairbairn et al. (1967) on Precambrian metavolcanics 
from the Kirkland Lake area of Ontario, but are entirely compatible with 
the single K-Ar date mentioned previously (G.S.C. 65-64, 2,660 my.) and 
with Rb-Sr isochron dates reported from the Archaean metasediments of the 
Canadian Shield by Fairbairn et al. (1967, 2,619 + 58 my.) and Hart et al. 
(1963, 2,655 my.). A zircon sample from the porphyritic dacite horizon 
gave a 2°7pp/206pp date of 2,650 my. (Table 26). 

Compilation of the available data suggests that the age of the 
Yellowknife Group metavolcanics may be placed in the range 2,625-2,650 my. 
with considerable confidence. The Rb-Sr isochron age is younger than the 
model lead date (2,900 my.) obtained by Robertson and Cumming (1966) on 


sulphides from veins in the metavolcanics. Although the bulk of the data 
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presented by Robertson and Cumming fall on a long period anomalous lead 

line intersecting the growth curve at approximately 2,900 my. (revised 

to 2,860 my. in Robertson, 1966), some results may be interpreted as 

falling on a short period anomalous lead line consistent with lead 

evolution in a low U-Th environment ending at a younger date (2,500 + 100 
mey.) (D. K. Robertson, personal commnication, December, 1967). Insufficient 
samples have been analysed to define the short period lead line (Robertson, 
1966) and work is in progress to clarify this problem. 

A discrepancy between model lead ages and ages obtained by 
other methods is not uncommon, e.g. Butte district (Murthy and Patterson, 
1961). If the granodiorites are not the source of the ore-bearing fluids, 
the metamorphism accompanying the intrusion of the granodiorites at least 
provided the thermal energy for the distribution of sulphides and native 
metals into ore deposits (Boyle, 1961). In either event, it may be con- 
cluded that the outpouring of volcanics took place only slightly before 
the intrusion of the granodiorite batholiths., Because of the agreement 
between the K-Ar and Rb-Sr data for the granodiorites, an age of 2,625- 


2,650 my. is considered more probable for the Yellowknife Group volcanics. 


It was hoped that the Rb-Sr whole rock method could also be 
applied to the Yellowknife Group metasediments. Recent work by Fairbairn, et al. 
(op. cit.) suggests that Archaean metagreywackes may be successfully dated. 
Despite careful sampling of the clay rich upper parts of graded beds by 
Mr. J. Henderson, the results (Fig. 10) give a single apparent isochron 
plus two other markedly divergent points. This isochron is not interpret- 
able at the present time as the Yellowknife Group metasediments are at 
least 2,575 my. old (the Rb-Sr mineral isochron age of the Prosperous 


Lake granite). It may be surmised that relatively recent loss of radiogenic 
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87sr has taken place, but further work is required to clarify the meaning 
of this result. One zircon 207 pp /206pp date (Table 26) imposes a minimum 
age of 2,530 my. on this unit. 

Unfortunately, the Rb-Sr ratios of the granitoid pebbles and 
boulders in the “unclassified conglomerate" horizon are too low to allow 
meaningful Rb-Sr data to be obtained. Folinsbee et al. (1956) obtained a 
minimum K-Ar date of 1,440 my. from an albite separated from a granite 
boulder. At the time, Folinsbee stated that "the 1,440 my. age is 1,000 


Moye less than the minimum figure which would be geologically reasonable". 


The Yellowknife Group rocks are intruded by five major plutonic 
bodies. Two of these have been considered to be older than at least part 
of the Yellowknife Group (Baragar, 1966 ~ Ross Lake granodiorite, and 
Folinsbee et al., 1968 ~ South-east granodiorite). 

A Rb-Sr whole rock isochron (Fig. 11) and the U-Pb data on 
gircons (Fig. 17) from the South-east granodiorite confirm that this 
batholith is as old as 2,640 my. A lower limit is imposed by the Yellow- 
knife Group metavolcanics which are intruded by the South-east granodiorite. 
Together with the mineral isochron data of Van Breeman, 1965 (2,590 my., 


87 Rb A 


age of 2,618 + 20 my. (Fig. 17) represents the most reasonable estimate 


1.39 x 10711 /year), the extrapolated upper concordia intercept 


of the age of the South-east granodiorite. The initial 87sr/86sr ratio of 
0.7011 + 0.0008 is indicative of an origin within the upper mantle. 

On the basis of all three radiometric methods, the weight of 
evidence favours the conclusion of Folinsbee et al. (1968) that this 
batholith was emplaced prior to the deposition of the "unclassified 
conglomerate" horizon. Additional support is found in Fig. 17 where 


zircons separated from two conglomerate boulders plot just above the 
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concordia chord defined by the South-east granodiorite samples. 

There is less evidence on which to base the relative ages of 
' the Cameron River metavolecanics and the Ross Lake granodiorite. A single 
zircon sample from the Ross Lake granodiorite has a 207 pp/206pp age of 2,640 
+10 my. but K-Ar and Rb-Sr whole rock isochron ages are younger. The 
Rb-Sr whole rock isochron shown in Fig. 13 has an apparent age of 2,512 + 
60 my. The scatter of points lies outside experimental error and the close 
proximity to the Redout Lake pegmatites (which are clearly younger on 
geological grounds) suggests that the analysed samples have been affected 
to a small, but variable, extent by the pervasive K-feldspar metasomatism. 
The initial 87sr/86sr ratio (0.707 + .003) is somewhat higher than that of 
the plutonic bodies of the Yellowknife Bay area, 

Additional work is required to firmly substantiate the inter- 
pretation given in Chapter II, particularly as it has been suggested that 
this granodiorite may be older than the metavoleanics (Baragar, 1966). The 
present evidence supports the alternative interpretation of Fortier (1947) 
and the present writer but is not as unequivocal as is desirable. A younger 
limit to the age of the Ross Lake granodiorite is imposed by K-Ar dates 
(up to 2,550 my.) on large muscovite books from the Redout Lake granite. 
These KeAr dates on coarse muscovites probably give a reasonable approxi- 
mation to the true age of the Redout Lake granite and associated pegmatites. 
Samples of the Redout Lake granite showed insufficient variation in Rb/Sr 


ratio to allow their use for the determination of a whole rock isochron. 


In the Yellowknife Bay area, the Western granodiorite is well 
dated by all three radiometric methods. A sharply defined Rb-Sr whole 
rock isochron (Fig. 12) yields an age of 2,610 + 58 my. with an initial 


87sr/86sr ratio of 0.7035 + 0.0027. This result is confirmed by the zircon 
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concordia plot which gives an upper intercept age of 2,596 + 16 my. 
(Fig. 17). The geological interpretation of the lower intersection of 
the concordia chord is more difficult. There is some evidence in the 
northern Yukon (Baadsgaard et al., 1961b) for a mid-Palaeozoic event 
which could have effected episodic lead loss. However, it is probable 
that a combination of recent leaching and episodic loss of lead during 
the Hudsonian orogeny has produced the result for the Fort Rae sample 
(which largely controls the slope of the chord representing the Western 
granodiorite). The discordancy line falls below that calculated by 


Tilton (1960) for continuous Pb loss by volume diffusion. 


Together with the Redout Lake granite and pegmatites, the 
Prosperous Lake granite and its associated pegmatites are the youngest 
plutonic bodies in the area. There is insufficient variation in Rb-Sr 
ratios in samples of these bodies to allow the construction of a whole 
rock isochron plot. For this reason, the mineral isochron plot (Fig. 14 - 
based on unheated samples) produced by Dr. H. Baadsgaard in the course 
of thermal migration experiments has been utilised. Since the biotite 
data strongly control the isochron gradient, it is necessary to assess 
the remaining minerals in order to be certain that whole rock, feldspar 
and muscovite fractions are each registering the same isotopic event. 
The biotite date (2,550 my.) falls within the 95% confidence limits 
obtained on regression analysis of the remaining points (2,575 + 25 my.). 
The initial 87sr/86sr ratio is 0.712 + 0.002. Such a relatively high 
initial ratio may point to the inheritance of excess radiogenic 87sr from 
the surrounding metasediments or to later complete internal rearrangement 
on a scale larger than that of the whole rock sample. The second alter- 


native is unlikely as there is no evidence from K-Ar dates of a thermal 
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event of sufficient intensity to cause complete mixing of radiogenic 


and common strontium, 


It has been suggested that the Western granodiorite originated 
by the granitization of a large mass of sediments that lay below the green- 
stone belt (Boyle, 1961). Because of the relatively low abundance of 
radiogenic strontium during the Archean, the effect of incorporation of 
radiogenic strontium on the initial ratio is less than its effect on younger 
rocks. Modal analysis of nine selected samples (Table 5) indicates that 
the average composition of the main mass of the Western granodiorite is 
close to the quartz diorite(tonalite)-granodiorite boundary. According 
to Winkler (1965), almost complete anatexis of argillaceous sediments at 
temperatures of greater than 740°C and PH50 above 2,000 bars is required 
to produce a melt of this composition. If these conditions were fulfilled, 
then the Rb-Sr whole rock data would record the time of metamorphism, and 
ax initial 87sr/86sr ratio would reflect a metasedimentary provenance. 

It seems unlikely that the necessary conditions of temperature and pressure 
required for extensive remobilization of a hypothetical pre-volcanic 
sedimentary terrain were realized at this time. Additional evidence comes 
from Western granodiorite zircon separates, which appear to be drawn from 
a single population of hyacinth colour and lack any overgrowths or sign 


of multiple parentage. 


The Prosperous Lake granite (Tables 11, 12), on the other hand, 
occupies the centre of a wide aureole of knotted schists, which reach the 
sillimanite.cordierite-muscovite-almandine subfacies in the zone nearest 
the granite. Although affected by a retrogressive hydrothermal phase 


(Folinsbee, 1942), the association andalusite + cordierite + plagioclase + 
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muscovite is characteristic of the assemblage expected from relatively 
K-poor, Al-rich argillites. 

The metamorphic history of the area has been discussed in 
Chapter II (Metamorphism) where it is suggested that the temperature - 
pressure conditions reach the intersection of the orthoclase - muscovite 
boundary with the granite solidus curve; i.e. approximately 700°C and 4 Kb. 
pressure (c.f. Winkler, 1965, Fig. 28). If partial anatexis of the surround- 
ing metasediments was responsible neneend increase in original 87sr/S6sr 
shown by the Prosperous Lake granite in comparison with the other major 
igneous bodies of the area, it is necessary to ascertain the Rb-Sr ratio 
of the metasediments at the time of anatexis and to estimate whether 
sufficient time had elapsed in order to allow them to accumlate sufficient 
radiogenic 87sr, The sediments are younger than the volcanics but older 
than the Western granodiorite. Thus, between 35 and 50 my. are available 
in which the sediments could accumlate radiogenic strontium. The Rb-Sr 
ratio of the sediments is not known accurately. The Prosperous Lake granite 
has a 87 Rp [Bsr ratio of approximately 11.5. 

(8?7sr/8sr), = (87sr/86sr)., - (87Rb(er* ~ 1)/86sr 

OS703 52 0,712 “11. 58h ty 
and since est _1 = t, 
therefore t = 56 my. 

Thus the high initial ratio of the Prosperous Lake granite 
mineral isochron is compatible with its origin by partial anatexis of the 


surrounding metasediments during the process of emplacement. 
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CHAPTER V 
COMPARISON WITH OTHER AREAS 


This discussion of other Archaean areas is not exhaustive 
and serves only to underline the similarities and differences between 
the thesis area and other well known Archaean areas, Much of the material 
is drawn from informal discussions and from abstracts of the presently 
unpublished proceedings of a conference on the "Geochronology of Precambrian 


Stratified Rocks", held at the University of Alberta during June, 1967. 


Two other areas on the North American continent yield Early 
Precambrian (Archaean) ages. The most recent compilation of subsurface 
data by Goldich et al. (1966) indicates that the ancient rocks of Wyoming 
and Montana are connected to the Archaean rocks of Minnesota and the 
remainder of the Superior Province. 

The oldest mineral dates in North America are from the Morton 
Gneiss and Montevideo Granite Gneiss exposed in the Minnesota River valley. 
Catanzaro (1963) and Stern et al. (1966) show that fresh zircon samples 
plot along a chord on the concordia plot yielding an upper intersect age 
of 3,540 my. and a lower intercept age of 1,840 my. The lower intercept 
is indicative of episodic lead loss during the Penokean event (1,700-1,800 
my.) for which there is clear evidence in K-Ar dates from the Granite Falls - 
Montevideo region. 

One of the most detailed contributions to the geochronology 
of the southern part of the Superior Province is that of Goldich et al. 
(1961). The major contribution, as far as the Early Precambrian is con- 
cerned, is the relegation of the Laurentian to an early phase of the more 


important Algoman (Kenoran) orogeny and clarification of the relationship 
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between the Timiskaming and the Ontarian (Keewatin, in part) Series. 
Almost all the K-Ar and Rb-Sr mineral dates reported by Goldich et al. 
range from 2,600 to 2,300 my. They fall into three groups; the oldest, 
circa. 2,600 my. are equated with the Laurentian folding and igneous 
activity, the second group, circa. 2,540 my. may represent the main 
Algoman orogeny and a third group, 2,300-2,400 my., are thought to 
represent postkinematic granites. Good evidence for a major unconformity 
between the Keewatin and Timiskaming Series is known only from along the 


Minnesota-Ontario boundary. 


Although large areas of the Superior Province are shown on 
regional maps as "granite and gneiss", there is little evidence that the 
gneisses represent rejuvenated original acidic crust. Purdy and York 
(1965) found no isotopic evidence to support the concept of Gross and 
Ferguson (1965), amongst others, who suggested that the gneisses were the 
remains of an ancient crust over which Keewatin lavas were erupted. It is 
possible, however, that the Kenoran metamorphism was so severe that the 
Rb-Sr isochron records only the time of metamorphism, Remelting of older 
basement and its subsequent rise into a sedimentary succession has created 
mantled gneiss domes in other areas of the world. These are not described 
from the Canadian Shield with the possible exception of the Rainy Lake area 


of Ontario. 


In the Beartooth Mountains of Montana detrital zircon concen- 
trates from the metasedimentary gneisses give discordant ages Bh eraser 
than 3,100 my. An episode of metamorphism and pegmatite formation is 
dated by Rb-Sr methods at 2,700 my. (Gast et al. 1958). Published mineral 


dates from central Wyoming range from 2,200 to 2,600 my. A recent 
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comprehensive study of the Louis Lake granodiorite in Wyoming gives a 
Rb-Sr age of 2,650 + 100 my. ((87Sr/8®sr), = 0.703 + .001) while cogenetic 
zircon fractions form a linear array with an upper intersection on the 
concordia plot of 2,675 +15 my. (Naylor et al. 1968). The lower inter- 
cept (100 + 80 my.) is lower than the 500 + my. intercept predicted by 
continuous diffusion models. If this represents Laramide disturbance (as 
suggested in similar work by Silver, et al., 1963) then the Rb-Sr mineral data do 
not show the effects of the younger event. A similar conclusion was drawn 
“ER ee by the writer in Chapter IV. Archaean ages are also found 
in the Black Hills of South Dakota. 

Goldich et al. (1966) regard the zircon ages of greater than 
3,000 my. from the Minnesota River valley as sufficient evidence to reject 
Wilson's (1949) concept of continental growth of the Canadian Shield around 
the Superior Province nucleus. For this reason, the search for remnants of 
an older crust has been pursued with some vigour in Canada. No proven 
radiometric dates older than 2,700 my. have been found at the present 
time and any evidence of an older crust relies on lead model dates such 
as those of the Manitouwadge galena deposit (Ostic et al., 1963) and the 
Yellowknife area (Robertson, 1966) and the "pebble batholiths" described 


by Bass (1961). 


Miller's (1911) binary classification of Archaean formations 
into a predominantly volcanic series, the Keewatin, overlain, in some 
cases unconformably, by a predominantly sedimentary series, the 'Timiskaming, 
is still followed by the Ontario Department of Mines. In general terms, 
the binary classification may be applied to all Archaean formations of the 
Shield. In 1939, Wilson used the terms "Keewatin-type" and Timiskaming- 


type" to designate the dominantly volcanic and dominantly sedimentary 
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sequences of the Archaean. In these terms, stratigraphic rather than 
lithologic similarity is implied. Goldich et al. (1961) raised the 
Timiskaming to the status of a system - Timiskamian System - typified 
by the Knife Lake Group. 

Although a two-fold division of Archaean rocks on the basis 
of lithology alone is inadequate in detail, it is a valid regional concept. 
The nature of the contact between the two divisions is similarly contro- 
versial. Both problems are not restricted to the Canadian Archaean but 


have been discussed in Scandinavia, Europe, South Africa and Australia. 


The Pre-Karelian (Saamian) basement of the Baltic Shield 
was strongly affected by the Svecofenno - Karelidic orogeny about 1,800- 
1,900 my. ago. However, Archaean basement is recognised in eastern 
Fennoscandia, Lapland and the Finnmark area of northern Norway. Most of 
the pre-Karelian dates fall in the range 2,600-2,800 my. but some dates 
of 3,000-3,400 my. are found in the Kola Penninsula (Kuovo and Simonen, 
1967, Kratz et al. 1967). Holmes (1965, p. 368) correlates the Palomas 
Greenstones of the Kola Penninsula with Keewatin greenstones of North 
America, In West Greenland, infracrustal gneisses and granulites yield 
K-Ar dates of 2,490-2,710 my. (Larsen and Moller, 1967) although the more 
important Ketilidian orogeny (1,500-1,800 my.) has largely "updated" 
micas from the infracrustal rocks. A similar situation exists in the 
British Isles where a small area of Scourian granulite facies rocks 
yield dates of greater than 2,600 my. Pegmatites intruding the Scourian 
rocks are now dated at 2,460 my. (Lambert et al., 1967). 

In the Ukrainian Shield, Semenenko (1967) recognises two 
cycles within the earliest division of the Precambrian (Precambrian I). 


In the geosynclinal assemblage of formations, an earlier cycle (Konkian) 
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operative within the period 3,500 to 3,100 my. and a later ( Aulian) 
cycle, operative within the period 3,100 to 2,700 my., are distinguished. 

Recent work by the M.I.T. group and the University of Sao 
Paulo in Brazil carried out with a view to verification of the hypothesis 
of continental drift (Hurley et al., 1967), suggests that the Imataca 
complex of Venezuela (approximately 3,000 m.y.) has a counterpart on the 
West African Shield in Sierra Leone and western Liberia, It is particularly 
interesting to note the antiquity of the Venezuelan iron ores, These 
correspond to the Archaean iron ore formations in Minnesota (Soudan member) 
and those of the Ukraine and are generally older than the major Lower 
Proterozoic iron ore formations of Minnesota and Western Australia. 

In central Africa, the Swaziland System contains a well 
preserved Archaean sequence which yields Rb-Sr isochrons as old as 2,970 
my. (Fig. Tree shales). Here the sequence of rock types is similar to 
that of other Archaean areas, i.e. volcanics (including the Dominion Reef 
System) and banded cherts with serpentinized ultramafics are overlain by 
greywackes and shales with sundeawiatd tuffs and banded cherts. The 
volcanic - sedimentary sequence is intruded by pegmatites which give ages 
of 2,900 to 3,400 my. (Allsopp et al., 1967). 

Archaean rocks in India include the Penninsula Gneiss in 
Bangalore (2,635 + 45 my.) and the Dharwars (schists) which appear to 
be somewhat older (2,800-3,000 mey. = Crawford and Compston, 1967). 
Charnokites and granites near Madras also give Archaean ages. In the 
Central Highlands of Ceylon, khondalites (garnet sillimanite schists) 
may be as old as 2,850 my. 

The Precambrian Shield forms two large blocks in Australia. 


The Yilgarn block in southwest Western Australia contains granitic gneisses 
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and metasediments with ages in the range 2,700 to 3,000 my. (Compston 
and Arriens, 1967), The Kalgoorlie goldfields belt was studied by Turek, 
1966 and yielded well-defined Rb-Sr isochrons for several pre-granite 
volcanic and sedimentary units which range around 2,665 my. The age of 
granite emplacement is closely defined as 2,612 +13 my. Turek also 
studied the earliest post-granite dyke set in the area (2,420 + 30 my.) 
and found that an isochron defined by gold-bearing whole rock samples 
(2,400 + 30 my.) correlated with the emplacement of these E - W mafic 
dykes. Recent work from this area has disclosed a conglomerate (Kurrawong 
conglomerate) bearing 3,000 my. granitic boulders at the base of the 
Upper Sequence of Horwitz and Sofoulis, 1965. 

This area has many similarities to the Yellowknife district 
but the division into upper and lower divisions is not nearly as distinct. 
Detailed mapping has shown that basic pillow lavas occur in both units 
and that they interfinger with the sediments. Both upper and lower units 
are folded considerably and are intruded by granites and rare element- 
bearing pegmatites. The structural configuration is of basins and domes 
resulting from two superimposed fold trends and the grade of regional 
metamorphism is upper greenschist to lower amphibolite facies. 

Archaean rocks are also found in the Pilbara block in northwest 
Western Australia. Here, massive granites and lithia pegmatites dated at 
3,000 to 3,050 my. intrude greenstones and metasediments of the Pilbara 
System, There appears to be no equivalents of the 2,600 my. granites of 


the Kalgoorlie area, 
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CHAPTER VI 
TECTONIC HISTORY OF THE YELLOWKNIFE DISTRICT 


A possible model for the tectonic evolution of the Yellow. 
knife area is discussed in this chapter. Such a synthesis draws not 
only on the geochronology but also on the regional structure, sedimentary 
and volcanic parameters, metamorphic evolution and plutonic history. 
It is inevitable that a few contradictions are introduced but it is 
thought that the synthesis given represents a reasonable basis on which 
to plan further work. 

In order to establish a basis on which to develop the argu. 
ments that are used, a short outline of the proposed tectonic history 
is given. Each of the major points in this outline is then discussed in 
a sequence which corresponds to the development in time of the various 
facets of the tectonic cycle. 

It is considered that the area is representative of a discrete 
orogenic addition to the earth's crust and may be treated as the result 


of one complete tectonic cycle. 


Outline 

Outpouring of a thickness of as much as 40,000 feet of sub. 
marine volcanics onto the oceanic crust marked the commencement of the 
eugeosynclinal phase of the tectonic cycle. The chemical character of 
the volcanics, with some calc-alkaline affinities, is similar to that of 
Cenozoic oceanic island arcs. Unconformably overlying the volcanics is 
a thin sequence of conglomerate and quartzite that passes, with apparent 


conformity, into an accumulation of graded quartz greywackes and minor 
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shales. The unconformity between Divisions A and B of the Yellowknife 
Group is of local character and of temporally minor extent. Further, 

the character of the clastic fragments forming the "unclassified conglomerate" 
horizon does not suggest an earlier completed tectonic cycle. Anticipating 
a conclusion reached later in the chapter, it may be stated that potassic 
granites and high grade metamorphic rocks represent the closing stages of 

a tectonic cycle. There is no evidence that these rocks are represented 

in the "unclassified conglomerate", If a substantial body of older sialic 
crust existed at the time of deposition of this unit, it is likely that 
representatives of this crust would be found. Rather, the fragments are 

of local provenance, derived chiefly from the volcanic rocks of Division 

A, but locally from the potash-deficient South-east granodiorite. 

This results in the superficially paradoxical picture of a 
deformed volcanic =- sedimentary accumlation containing fragments from 
plutonic masses emplaced during the same orogeny that was responsible 
for the deformation. Such complexity is a common feature of Phanerozoic 
orogenic belts (e.g. Read, 1955, p. 424). A combination of radiometric 
metheds makes it possible to determine a sequence of igneous and meta- 
morphic events within an orogeny. 

Although the metavolcanic pebbles did not receive detailed 
attention, it is not improbable that mild predepositional regional meta- 
morphism may have taken place prior to the erosion of part of the volcanic 
pile. Read (1955) has used the term 'orogenic metamorphisin' to describe 
the pervasive greenschist facies metamorphism commonly associated with 
early orogenic metavolcanics and metasediments. 

Experimental studies show that differentiation under temp. 


erature-pressure conditions prevailing in the upper mantle is able to 
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produce magmas of the calc-alkaline suite by fractional melting of 
eclogite at depths of as much as 150 km, or by fractionation of alumina- 
rich edenitic hornblende at approximately 40 km, Ringwood and Green (1966) 
Suggest that the gabbro-eclogite transformation may form a "tectonic 
engine", 

Calc-alkaline magmas generated in this manner moved upwards 
and invaded the deforming volcanic-sedimentary assemblage, Early plutons 
are almost synchronous with the initial Kenoran deformation and possibly 
contribute to the clastic sediments forming the upper part of the Yellow. 
knife Group. 

The continued accession of magma into the deformed Yellowknife 
Group metavolcanics and metasediments in the form of late kinematic 
batholiths caused an abnormally high thermal gradient in the orogenic belt. 
As the orogeny developed, the metamorphism passed gradually into higher 
grade metamorphic facies(described in Chapter II) as a result of the 
higher thermal gradients experienced in the culminating stages of the 


orogeny. 


Low 873 r /86sy original ratios from Rb-Sr whole rock isochrons 
indicate that the major synkinematic - late kinematic bodies rose from the 
upper mantle without any significant anatectic contribution from the crust. 
On the other hand, the younger Prosperous Lake granite appears to have 
incorporated radiogenic 87s from the surrounding metasediments. 

The new sialic segment was slowly uplifted, became stabilised 
and erosion commenced. The oldest set of diabase dykes mark the final 
stage of the first tectonic cycle involving the Slave Province. 

Thus there is no need to postulate an extensive pre-existing 


Sialic segment in the Yellowknife area although it is possible that small 
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older segments may, in time, be found, It seems likely that if ancient 
segments did exist, they were not sufficiently substantial to allow the 


accumulation of miogeosynclinal sediments, 


Nature of the volcanic sequence 
The association of calc-alkaline rocks with tectonically 


active zones is suggestive of a close relationship between the genesis 
of calc-alkaline rocks and the fundamental mechanism of orogenesis. 

Baragar (1966) describes the Yellowknife volcanics as of 
tholeiitic character modified by the superposition of calc-alkaline 
characteristics by sialic wall-rock contamination, The writer prefers 
to exchange Baragar's priorities and regard the partially calc-alkaline 
character as fundamental and the tholeiitic properties as superimposed. 
This transposition is in harmony with Baragar's observation that the 
short range iron enrichment (which forms the basis for the tholeiitic 
trend in the sills) takes place in a high level magma chamber but the 
MgO0/FeO (total) ratio, the "most conspicuous indicator of basaltic 
differentiation, shows no overall variation". 

Although Baragar (1966, p. 26) claims that the metamorphism 
of the Yellowknife Group rocks was essentially isochemical, Boyle (1961, 
p. 67) suggests that there has been some migration of potash and soda 
during metamorphism, Without complete analyses (including the CO5 content), 
it is difficult to evaluate the relation between normative and modal 
anorthite content used by Baragar to substantiate the isochemical nature 
of the metamorphism. In a similar manner, Wilson et al. (1965) have used 
Larsen variation diagrams and silica variation diagrams to assess the 


possibility of migration of cations during metamorphism and agree that 
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substantial migration is unlikely. This point is particularly important 
since the statistical differences in principal oxides (excepting Ti0?) 
between oceanic and circumoceanic lavas are not readily distinguished if 
the analysed rocks contain more than 1% H50 (Chayes, 1964). The low totals 
in Table II of Baragar. (1966) suggest that Ho0 may have formed as much as 
3% of these ancient lavas, 

Nevertheless, the chemical character of the Yellowknife lavas 
is strongly akin to the circumoceanic (calc-alkaline) Tertiary and 
Quaternary lavas from the Mariana Islands and the Aleutian chain. Gorshkov 
(1962) and Coats (1962) reject the concept that the calc-alkaline rocks of 
these areas peieicreue from contamination of oceanic magmas by sial from 
an adjacent continental mass, since geophysical evidence shows that these 
areas are surrounded by oceanic crust. It is concluded since tholeiite 
(once considered specifically characteristic of continental areas) is 
also characteristic of areas floored by oceanic crust, circumoceanic (or 
Ccalc-alkaline) lavas need not be specific indicators of crustal contamin- 


ation ° 


Character of the "unclassified conglomerate" and Division B sediments 
The poorly sorted conglomerate of the Sub Islands in Yellowknife 


Bay contains relatively well rounded boulders in a matrix of coarse sand 
grade. Interbedded with the conglomerate are cross-bedded quartzites 
containing isolated pebbles of granite and metavolcanics. To the north, 

on the west shore of Yellowknife Bay, the conglomerate is very much more 
deformed with a marked near-vertical schistosity which tends to bend around 
the larger boulders. In spite of the attention paid to the granitoid 


boulders, the majority of clasts are from the metavolcanics and metagabbros 
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of Division A of the Yellowknife Group. Vein quartz pebbles are not 
uncommon, 

It has been demonstrated in Chapter II that the conglomerate 
and overlying quartzite horizons were involved in the Kenoran deformation, 
For this reason, the suggestion of Henderson and Brown (1952) that the 
rocks are much younger than the Yellowknife Group is not valid. The 
problem of the apparent difference in sedimentary character between the 
well sorted quartzites and the overlying greywackes remain, however. 

The abundant development of cross-bedding and predominance of sandy 
sediments and conglomerates indicates that deposition took place in a 
high energy environment adjacent to a coastline formed largely of meta- 
volcanic rocks. It is not improbable that greywacke sediments would 
accumulate in the deeper parts of the same basin under the influence 

of turbidity currents. 

Of more importance is the problem of quartz provenance. It 
is necessary to establish a source for the substantial amount of quartz 
which contributed to the clastic fraction of the Yellowknife Group B 
sediments. Brief examination in the field tends to confirm the state- 
ment by Donaldson and Jackson (1965) that Archaean greywackes are richer 
in quartz than some Phanerozoic greywacke sequences. The high content 
of clastic quartz in the North Spirit Lake area prompted Donaldson and 
Jackson to postulate the existence of older granitoid rocks removed from 
the Archaean volcanics by one or more orogenic cycles. It should be 
noted that the chemical and modal analyses of the leucophanerites (Donaldson 
and Jackson, p. 634-635) bear a remarkable resemblance to the Kenoran 
quartz diorites which intrude the sedimentary sequence. The absence of 


feldspar in many of the North Spirit Lake greywackes and the comparative 
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maturity of the quartz clasts are possible indicators of a second cycle 
origin, but both characters may equally well represent a distant proven- 
ance. 

There is no reason to suspect that the intrusion of synkinematic 
plutons took place at exactly the same time throughout the Superior and 
Slave Provinces. Evidence from other orogenic belts indicates that 
tectonic evolution occurs in both space and time. Two well-known examples 
of a temporal overlap between volcanism, the appearance of diorite plutons 
and flysch sedimentation are those of the Ordovician of the British Isles 
(Read, 1961) and the Tasman geosyncline of eastern Australia (Snelling, 
1960). This observation helps resolve some aspects of the conflicting 


interpretations of Donaldson and Jackson (op. cit.) and Boutcher et al. 


(1966). 


Recent work by Henderson (1968) confirms that the parallel 
drawn by Pettijohn (1943) between the sedimentary-volcanic belts of the 
Superior Province and classical eugeosynclines may be extended to the 
Slave Province. The prolific occurrence of graded bedding and turbidity 
current features in Division B rocks led Henderson to compare the sedi- 


mentary succession with classical flysch deposits of Europe. 


Island arc formation and determination of the age of the Yellowknife 
Group volcanics 


The combination of pillowed metabasalts, polymictic conglo- 
merates and greywacke-type sedimentation is characteristic of eugeosynclinal 
environments forming the pre-tectonic to early tectonic portion of an 
orogenic cycle. Folinsbee et al. (1968) suggest that this portion of the 


evolution of the Yellowknife area may be explained in terms of the development 
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of an island arc. Coats (1962) illustrates a possible mechanism which 

is compatible with seismic evidence from the Pacific basin (Benioff, 1954). 
This model explains the creation of a sima-floored island are as the result 
of extrusion of magma adjacent to the apex of a crust-mantle wedge formed 
by the development of a low angle thrust plane in response to the down- 


ward motion of a convection cell. 


The analytical precision of the Rb-Sr isochron and zircon 
data do not permit one to distinguish between the probable age of the 
Yellowknife volcanics given by a 207 pp /206pp age on a Single zircon sample 
(2650 my.) and that given by the Rb-Sr isochrons (2625 my.). Turek 
(1967) considers that the Rb-Sr isochrons from the pre-granite units at 
Kalgoorlie, Western Australia, represent the result of a low grade regional 
metamorphic episode and do not give the true age of intrusion. If the 
mild metamorphism suffered by the Yellowknife Group volcanics chosen to 
define the isochron was essentially isochemical, then there is no reason 
to suspect disturbance of the Rb-Sr system on a whole rock sample basis. 


For this reason the age of extrusion is probably no more than 2650 my. 


A_ possible model for derivation of the calk-alkaline suite 


Recent experimental work at the Australian National University 
has resulted in several papers on the origin of igneous rocks from the 
upper part of the mantle. In spite of the simplified nature of the 
initial compositional ranges, the products of high temperature - high 
pressure experiments give a valuable insight into possible stability 
fields of minerals under conditions experienced in the upper part of the 
mantle. 


Ringwood and Green (1966) propose a possible 'tectonic engine! 
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based on experimental investigation of the gabbro-eclogite transform- 
ation. The following summary is that of Green (T. H.) and Ringwood (1966). 

"According to this model, it is envisaged that in present or 
possible future active orogenic regions of the earth's crust such as 
island arcs, some oceanic rises, oceanic rift systems and continental 
margins, large piles of basalt have developed as the first stage in the 
cycle of orogenic activity and continental growth. As long as active 
basaltic activity persists, the geotherms in the particular region remain 
high. However, with cessation of volcanic activity the geotherms fall 
and the deeper regions of the basaltic pile begin to transform to eclogite. 
The eclogite (P= 3.45 gm/cm?) is denser than the ultramafic upper mantle 
(p= 3.3 gm/cm?) so that it begins to sink into the mantle. In the early 
stages, sinking is relatively slow, and results in formation of a geo- 
Syncline. At a later stage, sinking becomes catastrophic, leading to 
severe crustal deformation and folding of the geosyncline. Eventually, 
the sinking eclogite bodies reach a level in the mantle (probably at 
depths of 100-150 km) where the temperature is sufficiently high to cause 
partial melting of the eclogite, Magmas thus produced rise upward and 
intrude the folded geosyncline. It is proposed that these magmas may 
represent the calc-alkaline suite". 

The validity of this model rests on the feasibility of trans- 
forming basalt into eclogite under near-anhydrous conditions in the upper 
part of the oceanic crust. It is necessary to assume that this condition 
is able to be met as no field evidence from the Yellowknife area is able 
to confirm or deny the possibility. 

In this model, as first proposed, the lack of variation in 


MgO/FeO (total) ratio is attributed to the presence of Fe-rich garnet 


OF Ln 


~wiotenait ettzoloe-orddag edd to solbvepxktsoynt Sadnectuniegink ttl 
.(G00L) beowgath bas (,.H..T) neotd to Jade oat yreewe patwolfot.odt ttotta 
10 toesetg nt Stadt beysetvne ef $f ,l[ebom ald? oF galbiseoA®’ “Se 9) 
as dose deur e'ddtse eft to anotget olmegoro evives emiut eldieceg 
[atnenttaos bas ameteye Stix olmsenc’ . seeks offisesc onus ,8o1s boa let 

edt mf awe text? eit es beqofeveb eved Jisead to setta epysl ,ertigiuan 
evitos es goof eh .ddworg Lstnentinos bas yiivites ofaegor to efoy 
ntemex: noftget ‘eLvotdtec edd mf esrtedtosey eft ,statereq yiivitos oft iasad 
[ist amreritoeg edd yhivitoa otnsoloy to natteaene diiw ,sevewoH ae 


-otinolese of mrotenant of atasd eftq oltIeesd edt Yo enokyet seqoab ait: bas ; 


ua teqqu oflamestin edt wads seaaiels al (Ono \mig en .F <q) etifgofoe edt 
titec eff al .oftnam edd offal ante of antged ti Jandy o8 (Smo \mia Ee ) 
0083 8 to moksamrot at efivaet Nu ,wole ‘ulevisalex af yniinate .epase, 


ot anibeel ,oltdgottestao aemooed gniointe ,eyste tedal « 3A cont Lomye 
‘Vltesineva .entifomyeoes eft to pantblot has aoftamioted Laseuro exeven 
HOD - 

ts yldsdow) eftmem edt mt Lovel a doset eetbod etigcfoe getaats eds 7 


eevao of dyid ye selolttwe af owtateqmes ed? eredw (mi ORL-00E to ectqeb 
bas Dtawqs eal: beorbotq sudt aamgeM ,ettgof[oe eft to gate fen tataag 


Yam samgam emedt tadi bezoqor at SI -ontLomynceg beblot exit ebusint ] 


4 =i Late) g@° 
“ettwe entietls-olsc edt Snezetqes 


~enett to ytlilidtess? edt mo atest Lebom etd? Yo Wibliev edT , * 
‘qu edt at enoitibhnes evorbyine-120n reba eit goloe otnt thacsdae aa 10% 
soltibues aidd tact emyees of yreesneoen at $I seus otnacoo edt 0 
efdsa ef sete etinlwolfeX edt moxt oouabbes biett on ye pert < ; 
paca web 39 808 
a we. 258 


Vt cottatray to Aeaf edd ,bovogoag Jentt ea ,Lebom atdt at's 
tentag sotr+e% to connenny edt of 


-l41. 


in the residium left after fractional melting of eclogite under conditions 
of high pressure. A complementary two stage model (Green and Ringwood, 
1968) allows access of water to the volcanic pile. Under conditions of 
approximately 10 Kb (30-40 km depth), where Pinos P load, the stability 
field of subsilicic amphiboles is greatly enlarged with the result that 

a persilicic liquid is formed on fractionation. A point in favour of both 
these models is that the mass ratio of residual phases to liquid is approxi- 
mately unity compared with ratios of at least two in conventional Bowen- 
type fractionation. 

Access of water to the volcanic pile appears to be a more 
reasonable hypothesis than that requiring almost dry transformation to 
eclogite so that the 1968 model is preferred because of its simplicity. 
Geophysical evidence suggests that a drop in seismic velocity (e.g. Hess, 
1962) occurs in the upper mantle beneath areas of rising convection cells 
and also on the upper side of the "Benioff earthquake zone", This decrease 
in seismic velocity is attributed to serpentinization of the volcanic pile. 
It is readily explained by means of water from the hydrosphere introduced 


into the mantle by the sinking limb of a convection cell. 


The presence of a potash-bearing phase such as amphibole in 
the crystal residuum explains to some extent the low potash content of 
the calc-alkaline diorite plutons. At this point it is germaine to quote 
the conclusion reached independently by the writer and also by Tougarinov 
(pers. comm, in Marmo, 1967) that true granite compositions were probably 
not attained until potassium was concentrated in the upper lithosphere by 


passage through a sedimentary cycle. 
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Onset of plutonism within the Kenoran orogeny 
Although a gneissic character is typical of synkinematic granites, 


there are substantial bodies of comparatively homogeneous quartz diorite 
composition that form early batholiths in the Precambrian shields of Russia, 
Asia, Finland and West Africa. (It may not be entirely coincidence that 
these areas are also amongst the most ancient segments of the earth's crust). 
While these bodies are discordant in detail, synkinematic granitoid rocks 

are approximately concordant with the regional strike of the country rocks. 
Such "granites" are placed in the 'mesozone! of Buddington (1959) or termed 
"harmonious granites! by Walton (1955). 

Two granitic bodies in the area under investigation may fall 
into the category of synkinematic masses, The Ross Lake body is foliated 
and on the basis of a single 207 pp /206pp age is approximately the same age 
as the volcanics which it probably intrudes. The radiometric evidence 
strongly suggests that the intrusion of the South-east granodiorite was 
approximately synchronous with the onset of deformation and possibly ante- 
dates the deposition of the upper part of the Yellowknife Group sediments. 

The relative homogeneity of these bodies suggests that they 
passed through a molten stage in their evolution and have moved upwards 
into the lower part of the Yellowknife Group as plutonism commenced. The 
homogeneity and uniquely igneous appearance of the zircon population from 
the South-east granodiorite gives no evidence of a sedimentogeneous origin, 
This possibility is not excluded for the Ross Lake granodiorite although 
overgrowths were not recorded in two separates from one large sample of 
this body. Hamilton (1948) has studied the zircons from the Ross Lake 


granodiorite in more detail and also reports a lack of overgrowths. 


Chemically, the border zones of both the South-east granodiorite 
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and Ross Lake granodiorite are characterised by a lack of potash, This 
observation has been previously expressed in a positive sense by the use 
of the term 'sodic! but the two expressions may not be mutually exclusive. 
Low potash quartz diorites are typical of the early stages of modern 
island arc plutonism (Matsuda, 1962). The consistently high percentage 
of CaO in quartz diorites practically ensures that the plagioclase cannot 
be more sodic than oligoclase, Albite granites (such as those described 
by Moore, 1954, from the Porcupine area) are regarded by Bass (1961) as 
of restricted distribution. Further, albite bearing granites are almost 
invariably late kinematic bodies (Marmo, 1967). Additional support for 
this concept comes from the common association of economic mineralization 
with albite granites, It is probable that late kinematic granites are 
intruded under hydrothermal conditions, a concept that is in harmony 
with the plagioclase ~- epidote relationship which is used as an indicator 
of metamorphic grade. 

The Western granodiorite carries an abundance of epidote and 
the K-feldspar in this (and other late kinematic bodies) is highly triclinic 
microcline. Together with the extensive stoping and wall-rock assimil- 
ation, these are considered to be features of a disharmonious, late 
kinematic body. The age of emplacement, 2595 to 2610 my., is consistent 
with such a view. Zircon samples from this unit are completely free from 


overgrowths and lack any sign of multiple parentage. 


Strontium isotope initial ratios 
It has been suggested that the Western granodiorite and South. 


east granodiorite originated by the granitisation of a large mass of sedi. 


ments that lay stratigraphically below the metavolcanics of the Yellowknife 
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Group (Boyle, 1961). The original 875r/86sy ratios (0.701 and 0.7035) of 
well defined Rb-Sr isochrons add some support to the argument that the 
granitic rocks are largely derived from the mantle and represent a signif- 
icant addition of new material to the embryonic crust, This conclusion 
must be qualified by the assumptions that the Rb/Sr ratios of the hypo- 
thetical sediments were compatible with those of existing Archaean sediments 
and that sufficient time elapsed (about 50 my.) between accumulation of 


the hypothetical sediments and their suggested anatexis. 


The initial 87sr/86sr ratios recorded from the plutons in 
question are not distinct from those recorded by other workers in Archaean 
terrains (c.f. Peterman et al., 1967). A strong case is made in a later 
section of this chapter for incorporation of radiogenic 87sr into the 
Prosperous Lake granite because the 87s5r /86sr initial ratio (0.712) of 
the mineral isochron is significantly higher than those of the earlier 


batholiths, 


Late kinematic granites and pegmatites 


Heat associated with the continued accession of magma in the 
form of synkinematic ~ late kinematic batholiths was the major cause of 
the increased thermal gradient at the culminating point of the orgeny. 

The metamorphic gradients inferred by the occurrence of the andalusite- 
Sillimanite facies are more extreme than may be attributed to simple 
geothermal heat conducted from the mantle. If the geothermal gradient 

was as high as 150°C/Km (less than an Hercynian geothermal suggested by 
Schuiling, 1960, i.e. 200°C/Km, and approximately the same as that deduced 
for the Buchan metamorphism on the Banffshire coast, Johnson, 1963), there 


is an excellent possibility of anatexis at a depth of about 4 Kms, Marmo 


atte 


to (2£09.0 bas £07.0) setter 1e°5\ne38 fantgiio eiT ,( 100 ‘calyod) quond | 
oft jadt tnesurgta edt ot Sroqque emos bhe snoxdoost xe.di bentieb [few 
-tingte a Sxesenqet bas eftnam orit movt beviteb Vieptsl ets ‘sioor oftinaty 
aofanfoneo eldl terre ofnoyrdme edd oF Letretam wen Yo nots tha ‘drumot 
ogy asit to zottat 12\di adt Jedd atottqnvsas ‘ent we bettitanp ed tesm 

etaeutbes nmaesdotA giivetxe to etody dttw efditsanoo etew atnemtbee Lsoidjeds 
oltefumuoos meewted (.y.m 02 Jvode) besqele ext? Jnelottiwe:Jedy) bie 
; abredans beteegnue «tedt bus etnemibse Leottedsoqyl ent 


2 ° 
A e 9 


mt esotulq efd\ mort bebtooe1 soltas 72 °8\ ee V8 fattiot ent 


cassdowt ct etettow tedto yi beitoces esodd sort Jonivelb Jon ei pei 
seteal se ot eben at seaso pooxte A .(SOCL ..fe te aamteted -t.9) ae 


w 


eit otat «a9 otnegotbhe: Yo nofstetogronak 0% tetqado etds to nottoes 
a “see a 
to (SIN.0) coffe: fattint «& 38\ 7208 edt eavaced efinaty edad naka, to 


seifsae edt to ezorlt aad? nedatd Visnsofitagie ef aowfooet Lstentn we 


eft of amgam to sofezenos Sere eld dttw betatoozea JaeH — 
te eeuso totem ent asw ad¢tfoddad ofdementi etal ~ se amcagees sv * 0" 7 
-Yiegto edt to Jntogq yaitantnive edt te dnekbaty Lamrosit bosaetont aid 
ottaufebas ssf to sonetsoo0 edt yW herzetnt atnekheny 8 = ra . 


efamta ot botisdinte ed Yam sadt emeaexe etont om zefost ree 
j Se es 
sneths1y Lamreijoeg eft YI .slinam agtisres) panes ae 3 


AS 

heoubeb tart am ames’ ent ee tise 
= a 

eredd ,.(€80L .noendol 178800 oride?’ 


onrraM st Sood 30 aaa th 


os (oe fee we 


Jks- 


(1967, p. 75) points out that simple recrystallisation of argillaceous 
sediments results in a quartz diorite or granodiorite composition, but 
that regional metamorphism results in an expulsion of the mobile phases 


(chiefly potassium and water) into a tectonically receptive phase. 


The 87sr/86sr initial ratio of the mineral isochron of the 
Prosperous Lake granite (0.712) points to the inheritance of radiogenic 
87sy from the surrounding sediments. It seems probable that the accession 
of volatiles, including K, Rb and radiogenic 87sy into the pluton (or group 
of plutons) caused both an increase in mobility and changed the composition 
towards that of a true granite. In such a manner, it appears to be essential 
that additional potassium (and Rb) be made available from the process of 
sedimentary 'differentiation' before true granites may form as part of the 
tectonic cycle. 

It has been shown previously that the granitic composition of 
part of the Ross Lake granodiorite is due to the metasomatic introduction 
of potassium from the younger Redout Lake granite pluton which it entirely 
surrounds, This has caused disturbance of the K-Ar and Rb-Sr whole rock 
systems for a distance of over one mile from the contact of the two bodies 
and supports the conclusion of Marmo (1967, p. 55) that highly triclinic 


microcline is invariably a late component in synkinematic "granites", 


Addition of water to the rising plutons probably causes 
separation of a gas phase which is in equilibrium with the liquid and solid 
phases of the magma, The gaseous phase accommodates the volatile halides 
of the rare elements and allows their ultimate deposition in complex 
pegmatites, Elements such as beryllium, lithium and tantalum do not 


substitute for common elements in the crystal lattices of minerals forming 
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from a liquid melt. Because of complex ionic charge and ionic radius 
considerations they are excluded from major crystalline phases, Although 
one would expect tantalum to be "captured" by titanium-bearing minerals 
and collected in the earliest crystallising fraction, the tantalum group 


of elements appear to act as the centres of complex anions. 


Final stages of the tectonic cycle 
At the end of late kinematic plutonic activity, the last and 


possibly longest stage begins. Uplift of the newly created sialic segment 
occurs as a result of isostatic readjustment. This isostatic readjustment 
is largely dependent on the magnitude of the downbulge sevalaped in the 
Mohorovicic discontinuity. Wollenburg and Smith (1964) suggest that the 
amount of radioactive heat in silicic batholiths retards cooling and 
causes partial melting of the mantle at the base of the batholith. The 
magnitude of the root may therefore be a function of the radioactivity 
(and indirectly the composition) of the members of the plutonic series, 
This seems to be demonstrated in the Coast Range of British Columbia where 
the more silicic batholiths tend to reach higher elevations than the less 
Silicic bodies, Since it has been shown that the plutons involved in 
Archaean orogenies are lacking in potassium, there is no necessity to 
postulate the existence of a large root beneath the orogenic belt. 

In addition, there is evidence for a progressive increase in 
the depth of ocean basins through geological time if the hydrosphere is 
almost entirely of volcanic origin (Rubey, 1955). This suggests that 
the thickness of the first sialic segment was less than that of later 
segments and is consistent with the minor importance of load pressure in 


the metamorphic history of the orogen. 
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Combining both these factors and assuming that the rate of 
uplift is directly proportional to the displacement from isostatic 
equilibrium, it is clear that relatively slow uplift is probable. For 
this reason, a suggested cooling interval of as much as 150 my. is not 


unreasonable. 


After stabilisation of the newly created sialic segment, 
intrusion of post orogenic diabase dykes concludes the tectonic cycle. 
At the same time, erosion of the new segment contributed to marginal 
shelf-type sediments (Snare Group) which in turn pass into the deeper 
water sediments. Both the sedimentary margins and the edge of the craton 
itself were involved in the next tectonic cycle (Hudsonian) of the Canadian 


Shield. 


General comments on the tectonic cycle 


The tectonic cycle proposed here differs considerably from 
the classic Alpine - type orogeny but fits most of the parameters which 
Zwart (1967) would attribute to an Hercynotype orogenic belt, i.e. low 
pressure metamorphism, a relatively thin metamorphic zone, abundant 
granites (sensu lato), a broad orogen, small uplift and no nappe structures, 
Because of the ensimatic nature of the eugeosyncline, meta- 
volcanics are abundant but the ophiolites and serpentinites which char- 


acterise an Alpinotype orogenic belt are absent, 
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SUMMARY AND CONCLUSIONS 


Two areas within the Slave Province have been studied with 
the aid of K-Ar, Rb-Sr and U-Pb geochronology. A combination of the radio- 
metric methods permits the sequence of events in the Kenoran orogeny to be 
established and placed in the framework of a single tectonic cycle. 

Yellowknife Group volcanics with mixed calc-alkaline and 
tholeiitic affinities were poured out on a thin oceanic-type crust. No 
isotopic evidence was found for contamination of the volcanics by extensive 
early Archaean sialic segments, Rb-Sr isochrons and U-Pb zircon data 
indicate that the outpouring of a thickness of as much as 40,000 feet of 
marine volcanics took place approximately 2650 my. ago. 

As the volcanic pile reached its maximum development, deform- 
ation began almost immediately, possibly as a result of transformation of 
the lower part of the pile to eclogite. Under conditions of moderate 
pressure (*10kb) near the top of the mantle, fractionation of subsilicic 
hornblende presents a possible means of forming calc-alkaline magmas, 
Synkinematic potash-deficient quartz diorite to granodiorite plutons rose 
into the deforming volcanic pile and may have been exposed before depos- 
ition of at least part of the Yellowknife Group sediments. An age of 
between 2620 and 2640 my. is indicated by all three radiometric methods 
for the syntectonic South-east and Ross Lake granodiorites. 

The "unclassified conglomerate" was deposited in a high energy 
environment adjacent to the coastline of an emerging volcanic island arc. 
Large clastic fragments are of local derivation. In contrast, a signifi- 
cant contribution of quartz from the near synchronous quartz diorite masses 
is likely in the deeper water eugeosynclinal basins where the Yellowknife 


Group sediments were deposited. 
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Kenoran deformation continued and major syn-late kinematic 
batholiths such as the Western granodiorite were emplaced about 2590-2610 
Mey. ago. Strontium isotope initial ratios indicate that these and pre. 
ceding bodies were derived from the mantle. As the calcealkaline magmas 
continued to invade the deforming volcanic-sedimentary assemblage, the 
increased amount of heat from these bodies caused partial anatexis of the 
Yellowknife Group metasediments, Radiogenic 87sr, potassium and water from 
the sedimentary pile moved into the rising plutons and caused a change in 
composition towards that of true granite. The culmination of late kinematic 
plutonic activity took place approximately 2575 my. ago with the emplace- 
ment of the Prosperous Lake granite, Redout Lake granite and associated 
pegmatites, 

Regional metamorphism associated with the major Kenoran plutons 
is of the andalusite-sillimanite or Abukama facies reflecting the relative 
unimportance of load pressure in the Kenoran deformation. 

Because the new sialic segment was relatively thin (perhaps 
10-15 km.) compared with the present thickness of the Canadian Shield, the 
divergence from isostatic equilibrium imposed by the new segment was 
comparatively small. For this reason, uplift of the newly formed crust 
was relatively slow. 

During the gradual uplift, K-Ar systems in three different 
minerals, hornblende, muscovite and biotite, closed in sequential order 
of their argon retentivities., Hornblende K-Ar dates (2500-2650 my.) most 
closely approach the true age of crystallisation of the igneous bodies in 
this orogenic belt, coarse-grained muscovite dates (2450-2600 my.) also 
approach the time of crystallisation, Fine-grained biotites are suscept- 


ible both to continuous argon loss until their closure at approximately 
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150°C and to subsequent "updating" by later events. 

Examination of the K-Ar histograms suggests that effective 
argon closure of biotites occurred between 2350 and 2400 my. Younger 
biotite dates are attributed to Hudsonian "updating" along the western 
margin of the area or to the extensive Proterozoic transcurrent faulting 
concentrated around Yellowknife Bay. 

The oldest set of Proterozoic diabase dykes (2200-2400 m.y.) 
are post-orogenic features and mark the end of the tectonic cycle. 

Despite the uncertainties inherent in the determination of 
the decay constants, there is good agreement between ages determined by 
the three radiometric methods. Perhaps this is to be expected, as the 
K-Ar and Rb-Sr decay constants are based on "geological" estimates derived 
by comparison with the relatively precise determination of uranium decay 
constants on cogenetic minerals, 

Zircon concordia plots appear to be the most promising method 
of distinguishing between synkinematic and late-kinematic plutonic episodes 
in an orogeny. Discordant U-Pb dates are explained on the basis of a Pb 
loss pattern, possibly related to recent leaching (South-east granodiorite). 
or to a disturbance of the lead system some 320 my. ago (Western grano- 
diorite). There does not seem to be any evidence which requires the 
adoption of a continuous diffusion model, 

Unless particularly rubidium-rich whole rock samples are avail- 
able, it is difficult to achieve sufficient precision to separate individual 
events within an orogeny on the basis of Rb-Sr isochron plots. In view of 
the strong geochemical diadochy between K and Rb and the suggestion that K 
is not a prominent component of the lithosphere until a stage of sedimentary 


differentiation takes place, it is unlikely that Rb is an important component 
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of Archaean rocks. 

K-Ar dating is most valuable in establishing the thermal 
history of an area in conjunction with estimates of the time of primary 
erystallisation obtained by other methods, but may not be the most satis- 
factory basis on which to establish time-stratigraphic boundaries. This 
study largely confirms the conclusions reached by Jolliffe (1942, 1946) 
and Henderson (1939, 1941) on the basis of field geology, particularly 
in regard to the relatively brief time span involved in the emplacement 
of the major plutonic bodies of the area. 

The area merits further work along at least two lines; (a) 
determination of the time of goid mineralization and (b) further mineralog- 
ical study of the metamorphic history. The range in time of the mineral- 
ization is broad but Rb-Sr isochrons on the tan coloured sericitic 
alteration associated with the mineralized quartz veins could be of con- 
Siderable value. Correlation of such a study with existing and future 
common lead studies is imperative, The reinterpretation of the metamorphic 
history offered in this thesis should be tested by further mineralogical 


and petrological studies. 
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APPENDIX 1 


Petrography of dated samples: (locations are tabulated in Appendix 2). 


DCG 3. A medium-grained granodiorite with xenomorphic- 
granular texture. Quartz (31.3%) shows moderate undulatory extinction 
and contains few inclusions, microcline (5.4%) is unaltered, plagioclase 
(46.6%, Angg-Ang3) showing slight oscillatory zoning is incipiently 
altered to a fine white clay mineral (montmorillonite), the alteration 
being concentrated along cleavage planes. Myrmekite is relatively 
common near microcline - plagioclase boundaries. Biotite (6.7% Ms) = 
1.646 + .001, @ = straw yellow, p= g = dark green-brown) is slightly 
chloritized and hornblende (6.5%, @ = yellow brow, (= dark olive- 
green, } = deep blue-green; abs. ) >» B>@) is unaltered. Epidote, 
magnetite, garnet, sphene and apatite are minor accessory minerals. 


The biotite concentrate (60-120 U.S. standard mesh) contains 
5%@ chlorite, 3% hornblende and approx. 1% quartz. The hornblende 
concentrate (60-120 mesh) contains less than 2% biotite, < 1% quartz 


and traces of epidote. 


DCG 5. A coarse-grained porphyritic adamellite with 
hypidiomorphic-granular texture. Quartz (21.5%) is unaltered, has marked. 
undulatory extinction and traces of minute, dusty inclusions, K-feldspar 
(34.6%) is in the form of a stringlet microperthite showing blotchy 
extinction but is only slightly altered to sericite. Plagioclase (34.4%, 
Ang) is extensively altered to a pale brown clay mineral and occurs as 
subhedral crystals often poikilitically enclosed in K-feldspar. In the 
latter case the plagioclase phenocrysts are rimmed by albite. Fresh biotite 


(8.6%, CC = straw-yellow, p = g = dark green) and hornblende ( @ = yellow 
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brown, ly, = dark olive green, d = dark green-brown) occur together in 
heterogeneous clusters and it is in these clusters that the accessory 
minerals apatite, opaque oxides, epidote and zircon are found. Pleochroic 
haloes mark the loci of zircon inclusions in biotite flakes. 

Although the thin section shows a preponderance of biotite, 
the crushed rock (60-120 mesh) gave a clean separation of hornblende with 
3% epidote and traces of quartz and biotite as impurities. Zircons are 
relatively large (up to 1-2 mms.) well crystallised pale purple hyacinths 
with 111 terminations and zoned in terms of a small amount of included 
dust particles. A coarse and a fine separation of zircon was made on 


the least magnetic fraction. 


DCG 8. A pink leucogranite (aplite) dyke which intrudes 
the Western granodiorite, The texture is saccharoidal with approx. 
equigranular phenocrysts of quartz and alkali feldspar reaching a maximum 
of 1 mm, diameter, Two types of alkali feldspar are present, a soda 
orthoclase (X4a = -11°) with fleck sericite alteration and a fresh micro. 
cline microperthite. Together they form 41.5% of the thin-section, Other 
minerals include quartz (36.3%), plagioclase (15.3% - Ang)» chlorite 
(after biotite?), mscovite (4.7%), opaque oxides (1.1%), apatite (0.1%) 


and a trace of zircon. 


DCG 11. A coarse-grained, biotite-bearing granodiorite 
with hypidiomorphic texture. Quartz (26.6%) occupies an intergranular 
position and shows undulatory extinction. K-feldspar (11.0%) is fresh, 
occurs in intergranular spaces and has exceptionally fine tartan twin 
lamellae. Plagioclase phenocrysts (53%, Anz q-Ang «) may be as much as 


6 mm. in length, they are slightly zoned in an oscillatory manner and 
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have thin albite rims. Zoning is accentuated by differential sericitization. 
Biotite (6.8%) flakes are slightly chloritized, some biotite occurs in 
clumps where it is associated with clinozoisite (0.8%) and sphene (0.1%). 
Granular sphene appears to be a concomitant deuteric product of the slight 
chloritization of biotite. Accessory minerals include muscovite (0.8%), 


opaque oxides (0.9%) and traces of apatite and zircon. 


DCG_33. <A fine to medium-grained quartz diorite with 
allotriomorphic-granular texture. Quartz (33.4%) is slightly strained 
and contains very few inclusions. K-feldspar (5.7%) occurs interstitially 
as microcline. The plagioclase (52.4%, Ang 6-Ango ) phenocrysts are slightly 
zoned, the inner (calcic) portion being extensively altered to sericitic 
muscovite, while the outer rim is unaltered. Myrmekitic intergrowths are 
common. Biotite (5.9%, O = 1.648, @ = pale yellow, Bp = g= medium 
brown) is slightly altered to chlorite and is dotted with inclusions of 
apatite and zircon. Primary muscovite forms approx. 1% while accessory 
minerals are apatite, opaque oxides and sphene. 

The biotite concentrate (60-120 mesh) contains less than 5% 


chlorite and less than 1% quartz as impurities. 


DCG 37. <A fine-grained meta-andesite, slightly schistose, 
consisting of a finely recrystallised aggregate of sodic plagioclase, 


chlorite, antigorite, epidote, quartz, opaque oxides and sphene. 


Dec 44, A medium-grained granodiorite with hypidiomorphic- 
granular texture. Quartz (38.6%) is moderately strained and contains rare 
dusty trains of inclusions, Microcline (11.2%) is only slightly altered 
to a pale brown clay mineral while plagioclase (37.6%, Anon) is more 


strongly altered, often in concentric zones and patches. Myrmekite forms 
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5@ of the thin section, Biotite (5.0%, J = 1.646, & = light yellow, 
Bp = d = light red-brown) occurs as fresh flakes or may be completely 
altered to chlorite. Accessories include primary muscovite, apatite, 
magnetite and zircon. 

A biotite concentrate of 98%+ purity was obtained from the 


crushed rock (60-120 mesh), minor impurities are chlorite and quartz. 


DCG 48. A medium-grained quartz diorite with hypidiomorphic- 
granular texture. Quartz (5.2%) is moderately strained, fresh microcline 
(5.2%) occurs as interstitial string perthite, euhedral plagioclase (57.6%, 
Any7~Ang) shows strong concentric zoning, alternate more calcic zones are 
marked by late hydrothermal alteration products, fleck mica (?paragonite), 
zoisite and a pale brown clay mineral. Biotite (8.5%, x = 1,645,a = 
pale yellow-green, & = ¢ = dark green) occurs as ragged flakes, partly 
converted to chlorite and mscovite, magnetite, haematite, pyrite, apatite, 
epidote, sphene and zircons are accessory minerals, 

The biotite concentrate (60-120 mesh) contains 2% epidote, 


2% chlorite and less than 1% quartz. 


DCG 50. A medium-grained adamellite with poikilitic-granular 
texture. Quartz (36.6%) forms small anhedra, often set in poikilitic 
plates of K-feldspar (34.0%). K-feldspar varies from relatively fresh 
microcline to simply twinned orthoclase, generally sericitized. Plagio- 
clase (27.0%, Ang7) is commonly sericitized but also occurs as small 
subhedra. Biotite (1.0%) is altered to chlorite along cleavages and 
sericite, muscovite, allanite, opaque oxides and apatite are minor accessory 


minerals. 


DCG 55. An amphibolite xenolith within the Western 
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granodiorite with panidiomorphic - granular texture. Hornblende (approx. 
65%, CL = pale yellow-browm, = khaki green, a blue-green, abs. 
B>Q is Fo ret Z = 22°, 2V, = 80°) occurs as subhedral to euhedral 
grains between 0.5 and 3 mms. in length, granular quartz (approx. 10%), 
fresh plagioclase (approx. 15%, Angq) and microcline (approx. 5%) are 
minor components. Accessories include opaque oxides and biotite. Several 
thin veins of granular epidote traverse the thin section, in one case the 
epidote vein is associated with a light brown carbonate, 

The hornblende concentrate (80-120 mesh) contains 15% epidote, 


less than 1% biotite and a trace of quartz. 


DCG 59. <A porphyritic quartz diorite with subhedral hornblende 
phenocrysts up to 2 cms. in length in a hypidiomorphic-granular groundmass,. 
Quartz (approx. 156) is moderately strained, microcline forms less than 2% 
of the thin section and plagioclase (approx. 45%) is extensively altered to 
a light brown clay mineral. Hornblende (approx. 25%) is consistently 
altered to biotite along cleavage planes, and to epidote in patches. This 
secondary biotite is identical in optical properties (fF = 1.637, @ = pale 
straw, 8 = = medium brown) to the primary biotite (approx. 10%) which 
forms ragged flakes in the groundmass dotted with magnetite, haematite and 
rare zircon inclusions. Accessory minerals are opaque oxides, apatite and 
epidote. 

The biotite concentrate (40-115 mesh) contains 5% hornblende 


and 2% chlorite. 


DCG 74. $A porphyritic metadacite with large phenocrysts of 
andesine set in a finely recrystallised matrix of quartz, untwinned plagio- 


clase (?albite), chlorite, epidote, calcite, biotite and opaque oxides. 
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Clumps of biotite and calcite have vague, pseudomorphous outlines. 


Sphene and deep green prochlorite are other secondary minerals. 


DCG_75 (DCG 206). A porphyritic metadacite with twinned 
phenocrysts of primary plagioclase (andesine) up to 15 mm, in length 
set in a finely granular recrystallised matrix of untwinned plagioclase 
(?albite), chlorite, epidote and quartz. Plagioclase phenocrysts are 
slightly zoned and may have sponge-like inclusions of epidote and opaque 
oxides. The groundmass includes as much as 5% of fresh biotite flakes; 
these are clearly of secondary origin, but there is no trace of a parental 
mafic mineral. Minor accessory minerals are calcite, apatite, opaque 
oxides and zircon. 

Zircons (DCG 206) from this rock are well crystallised, have 
elongation ratios of 2-4, are pale brown to pink in colour, between 0.5 
mm, and 2 mm. in length and slightly zoned. They contain occasional 


inclusions of ?magnetite and are irregularly fractured, 


DCG 115. A pale grey sericitized medium-grained metadacite,. 
Phenocrysts of quartz and plagioclase (andesine) are less than 5 mm. in 
diameter and the outlines of a former mafic mineral (?hornblende) are 
recognised by the distinctive shape of epidote ~- prochlorite - magnetite 
pseudomorphs, Primary phenocrysts are of blocky shape and extensively 
altered to sericite. The groundmass is completely recrystallised and 
consists of albite, quartz, calcite and sericite with minor apatite and 


opaque oxide accessory minerals, 


DCG 118. A fine to medium-grained contaminated diorite with 


allotriomorphic-granular texture from the margin of the South-east grano- 


diorite. Quartz (approx. 5%) is a minor interstitial component, K-feldspar 


OA as a vi, 


,eeontijise exvodqtomobueeq ,exgav evad etfolso. baw etttotd 0 equ 
-2fsxeninm yrebnooes szecito exe etiroldoow marge 


i .ee 
-(208_ 900) 23 od Aas " 


J Lary ahs Y 


dtgnel at ,mm @L ot as (ontechas) qunteorsalg yrantea to eteyrooneda 
eealootyslq benatwin to xfatem beat Liateyroe: ‘alone ts Uent? a at toe 


ates 


ets etayioonedq seafootzsl4 RE eek brs shebiins wiwelbe (oststat) 


heaniws diiw ettoshatem oftiryiqied A 


eypeqo bas etobiqe to anoltavLfont cult L-equcgs eved Yem bos benos viddgtfe: 
teetalt etitold deer? to ® es dom es eobulont icpenepet a od plies 
fasnetmsq s Yo coats on af exeds gud ,migiito yishaooes 20 YuweElo es enna 
eypago ,etiseqs ,ettolso eta eletentm Vrosresss north 
etoorts bas askin 

oved ,beeiifesveyro [few ers door atdd mot? = 200) anoorts Na i 
2.0 neewted ,twoloo ai Anta oF mrond ‘hie ern ,4.S to eotsat nottaynole — 


fanotesooo ntsinoo yAT .betos viddelle bas dégnel at im S bee amt 


~bowsostt yfislugertt ets bus etitengam? Yo enofledfonk 


-ottosbacvem be ite tga t bem besitfotyee yeta efeg A BLL 209 a 

ot mm @ madd geet ets (enteoebas) eesfoolyalq bas siueup To sige 
ots (ebneldatodt ) lateaim oftem tesrtol a to seat {30 edd bus sateastty 

este enyam - ot. bea Eitoern ~ etobige to eqade evistonitalb edt id beetegooer 


vlevianetxe bas sqere wisold te ew efeyroonedq yramizd | 
+ Tig 
bos beat{lasayroe: Yetelgmoo ef esambasotg edT Renae = od | tis 


rs 
bos esiteqs tomtm détw odteties bie e¢hetse .adagp yottdia Yo to ateteno 


“i 


o BD 


oe ae a 


iiiw etitoth bedentussnoo ~eaneee ee 


loreal ob an :- 


4) 


i 
nF “se D ls : 
_ 


i aneet- {a 


, 7 


s 
’ 
q 


‘ 


Aa? 


is absent. Plagioclase (approx. 50%, An), ) is generally fresh but contains 
inclusions of epidote. Clinozoisite (approx. 5#) forms elongated prisms 
up to 3 mms. in length and grades into granular, slightly pleochroic pale 
green epidote (approx. 20%) which is thought to be of xenocrystal origin 
(see Chapter 11 ~- contaminated rocks), Hornblende (approx. 10%, @= yellow. 
brown, B = 4 = olive green to olive brown) is altered to biotite (approx. 
10%, Vie 1.642, A = pale yellow, B = 7 = deep red-brown) and chlorite. 
Apatite, sphene, zircon and magnetite are accessory minerals. 

The crushed rock gave concentrates of biotite with 56 epidote, 
1% quartz and less than 2% chlorite as impurities and a pure hornblende 


with only a trace of epidote, 


DCG 120. A medium-grained diorite (see analysis, South-east 
granodiorite) with hypidiomorphic-granular texture. Quartz (12.0%) is 
only slightly strained, microcline (0.6%) is a minor constituent, Plagio- 
clase (56.8%, Ano¢) is slightly zoned, has ubiquitous patchy extinction 
and is slightly altered to a pale brown clay mineral, particularly along 
cleavage planes, Hornblende (15.2%, @ = yellow-brown, # = olive green, 
Wes dark blue-green) is partly converted to biotite (11.6%, O = 1,637, 
@=pale yellow, B= J = medium red-brown) which in turn is slightly 
altered to chlorite. Pleochroic haloes around zircon inclusions are 
marked in some fresh biotite flakes. Epidote (2.2%) and opaque oxides (1.1%) 
also contribute to mafic clusters, Zircon and apatite are the main accessory 
minerals. 
The biotite concentrate (40-80 mesh) from this rock contains 
3% of hornblende and less than 2% chlorite as impurities and the hornblende 
concentrate (80-200 mesh) contains 10% epidote, less than 1% biotite and a 


trace of quartz as impurities, The zircons from this rock are pale pink 
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hyacinths, well crystallised and free from inclusions. 


DCG 122, A porphyritic hornblende diorite with hypidio- 
morphicegranular texture. Quartz (approx. 15%) forms irregular, inter- 
granular anhedra, plagioclase (approx. 45%) is heavily sericitized, it is 
often poikilitically enclosed by fresh hornblende (approx. 30%, @ = light 
yellow, & = dark green, ty = dark khaki arecae Biotite (slightly 
chloritized) and epidote form the remainder of the thin section. Apatite 
needles with extreme elongations are particularly common. Opaque oxides 


are closely associated with the mafic constituents. 


DCG 124. A coarse renes diorite with hypidiomorphic- 
granular texture, Quartz aporosr 8%) occurs as moderately strained inter- 
granular anhedra, free from inclusicns. Plagioclase (approx. 60%, An32-Anoq) 
forms large subhedral phegounyetey often formed of several individuals and 
showing oscillatory and patch zoning. Plagioclase is slightly sericitized. 
Biotite (approx. 15%, d = 1.639, @ = pale yellow, fp = d = medium brown) 
is very slightly altered to chlorite and associated with hornblende (approx. 
15%, @ = yellow, 4 = deep green, dg = greyish blue-green (?bleached) in 
mafic clusters accompanied by opaque oxides (approx. 2%). Apatite and a 
trace of zircon are accessory minerals. 

The biotite concentrate (35-115 mesh) from the rock contains 
less than 5% hornblende and less than 3% chlorite as impurities and the 
hornblende separate (60-120 mesh) contains less than 1% quartz and no 


biotite. 


DCG 127. ##Pale green miscovite in books up to 1" in diameter 
and £"" thick gave a clean concentrate of greater than 98% purity, the 


only contaminants being quartz grains with a light iron oxide dust coating. 
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The pegmatite which carries the mscovite is probably related to the 


South-east granodiorite. 


DCG 129. <A medium-green granodiorite with hypidiomorphic- 
granular texture. Quartz (29.8%) is moderately strained and is moderately 
free from inclusions, Microcline (14.4%) is fresh and occupies an inter- 
stitial position between subhedral plagioclase laths. Plagioclase (36.0%, 
An39-Ang,) is concentrically zoned but in contrast to previously described 
rocks, the slight pervasive alteration is not confined to bands of a 
particular composition. Biotite (16.8%, f= 1-635; Gt = pale yellow, 

B = g = deep red-brown) is slightly altered to chlorite (0.6%) with 
anomalous blue interference colours, Epidote, muscovite, apatite, 
pyrrhotite, magnetite, haematite and sphene are accessory minerals. 

The biotite concentrate from the crushed rocks (45-120 mesh) 


contains less than 1% chlorite as an impurity. 


DCG 137. $A porphyritic dacite or rhyodacite with mltiply 
twinned plagioclase (An35) and embayed quartz phenocrysts up to 10 mms, 
in diameter set in a finely recrystallised felsic groundmass which con- 
tains occasional patches of calcite. Zircon is a relatively common 
accessory mineral but insufficient of this sample was collected to allow 


separation of zircon. 


DCG _ 139. A porphyritic dacite with relatively fresh plagio- 
clase (Any¢) and embayed quartz phenocrysts up to 4 mms, in diameter in a 
completely recrystallised felsic groundmass. Glomeroporphyritic clusters 
of plagioclase (Anco) laths are also common. The groundmass contains quartz, 
albite and minor epidote and nests and veins of quartz, calcite and ankerite 


are Scattered through the thin section. Opaque oxides and apatite are 
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accessory minerals, 


DCG 157. <A medium grained, slightly porphyritic adamellite 
with a slight foliation. The texture is xenomorphic-granular with simply 
twinned orthoclase cryptoperthite (approx. 20%) and quartz (approx. 30%) 
in a poorly defined groundmass of altered plagioclase (25%), quartz (approx. 
10%), microcline (approx. 5%) and biotite flakes (approx. 5@). Accessory 
minerals include apatite, opaque oxides and muscovite. The plagioclase 
(approx. Ango) is heavily altered to sericite and both feldspars are 
riddled with muscovite flakes. Myrmekite is common, 


DCG 158. <A porphyritic adamellite, somewhat fresher than 
the previous specimen. Quartz (approx. 30% ) occurs as granular aggregates 
in the groundmass and as rare anhedral phenocrysts. Microcline micro- 
perthite (approx. 15%) forms ragged phenocrysts of string perthite and 
plagioclase (approx. 30%, Any g-Ans) is clearly zoned. Commonly the albite 
rim is in turn rimmed by fresh microcline (10%) with distinct tartan 
twinning. Microcline (5%) also accompanies quartz in the fine-grained 
granular groundmass. Biotite (approx. 7%), commonly chloritized, and 
opaque oxides (approx. 3%) are clustered together in irregular patches, 
The larger feldspar phenocrysts are extensively sericitized and myrmekite 


is particularly common. 


DCG 161. A porphyritic adamellite with a slightly gneissic 
foliation. In thin section the rock shows a considerable amount of granu. 
lation in the groundmass quartz (approx. 30%) leading to what is described 
as mortar texture. Large anhedral microcline phenocrysts (approx.. 40%) up 
to 10 mms, in length are dotted with quartz inclusions and are generally 


fresh. Biotite (approx. 5%) and mscovite (2%) flakes are concentrated in 
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bands parallel to the foliation. Plagioclase (20%) occurs as small 
anhedra- the composition is Anog-Ano3 and no albite was observed. Most 
plagioclase is fresh but may be altered to sericite along cleavage planes. 
Accessory minerals include opaque oxides and apatite. No zircons were 


extracted from a large crushed sample. 


DCG 204, A medium to coarse grained adamellite with hypidio- 
morphic-granular texture. Quartz (37.4%) shows Slight undulatory extinction, 
microcline (25.9%) is in the form of patch perthite, plagioclase (21.7%, 
An, 3) is slightly altered to a fine white clay mineral and has inclusions 
of albite (An), quartz, microcline and biotite. Biotite flakes (1.7%, 

@= pale yellow, B = o = brown) are invariably altered along cleavages 
to a brown-green chlorite and opaque oxides while mscovite (12.5%) is 
fresh and free from inclusions. Apatite, opaque oxides and garnet are 
accessory minerals. 

The muscovite concentrate from the crushed rock (45-120 mesh) 
contains approx. 1% quartz and a trace of biotite, the biotite concentrate 


is pure but shows incipient chloritization. 


DCG 233. A slightly porphyritic medium-grained adamellite 
with xenomorphic - granular texture. Quartz (approx. 25%) is slightly 
strained, microcline (approx. 35%) forms fresh subhedra 5 mms. in diameter 
which often enclose idiomorphic plagioclase phenocrysts in a poikilitic 
manner. Plagioclase (approx. 25%) is zoned, the outer sodic zoned (Abs) 
are fresh while the inner portions (Ang <) are surficially altered to a 
pale brow clay mineral. Biotite (approx. 10%) is moderately chloritized. 
Fresh muscovite, opaque oxides and apatite are minor accessories. 


The crushed rock (60-120 mesh) gave a concentrate of muscovite 
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with 3% quartz and less than 1% chlorite as impurities and biotite 


with 10% chlorite and 1% quartz as impurities. 


DCG 244, <A discordant pegmatite from Peg. 84 claim which 
contains perthite, muscovite, biotite and beryl. The biotite concentrate 
(35-120 mesh) contains less than 2% quartz as an impurity and the muscovite 
concentrate (35-80 mesh) contains only a trace of K=feldspar., Both concen- 


trates were obtained by hand-picking of individual mica books, 


DCG 245, A medium-grained granodiorite with hypidiomorphic- 
granular texture. Quartz (approx. 35%) is free from inclusions and 
moderately strained. K-feldspar (approx. 5%) is in the form of untwinned 
orthoclase and minor microcline, relatively fresh. Plagioclase (approx. 
40%, Ano), ) is extensively altered to light brown clay minerals and 
poikilitically encloses many sharp flakes of white mica of average size 
0.2 mm x 0.08 mm Fresh biotite (approx. 15%) occurs in ragged clumps. 
Sphene, muscovite, apatite and opaque oxides are accessory minerals, 

A biotite concentrate from the crushed rock contained a trace 
of sphene and approx. 7% of plagioclase with a light iron dusting and 


many ?muscovite inclusions as impurities. 


DCG 246, A discordant pegmatite from Peg. 97 claim which 
contains perthite, muscovite, biotite, cleavelandite and tapiolite. The 
biotite concentrate (35-120 mesh) shows slight incipient chloritization 
and less than 5% quartz as an impurity and the mscovite concentrate 
(35-60 mesh) shows no impurities, Minerals for separation were hand 


picked, 


DCG 253. A biotite schist from a shear zone in wall rock 
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adjacent to a concordant pegmatite. Some tremolite needles are also 
present, apparently as a replacement of the original biotite, the lineations 
formed by tremolite lie in the plane of the dragfolded cleavage flakes of 
the original biotite, A biotite separate (35-60 mesh) has less than 3% of 


chlorite as a contaminant. 


DCG 254. Similar to DCG 253, the biotite concentrate (35-60 
mesh) contains 2% tremolite, and less than 1% quartz and chlorite as 


impurities, 


DCG 56. A concordant pegmatite (Peg. 50 claim) from which 
clean muscovite was hand-picked. The muscovite concentrate (35-120 mesh) 


contains less than 1% quartz as an impurity, 


DCG 257. The muscovite from this sample (Peg. 91 claim) 
was hand-picked and the sieved concentrate (35-80 mesh) contained less than 


1% quartz as an impurity. 


DCG 258. A medium-grained adamellite with hypidiomorphic- 

granular texture. Quartz (approx. 20%) occurs as large anhedra up to 5 

mms, in diameter with strained extinction, microcline microperthite (approx. 
30%) forms subhedral plates poikilitically enclosing small euhedral or sub- 
hedral plagioclase laths. Plagioclase (approx. 35%) is zoned (Anjo=Ans) 
with the calcic cores outlined with slight sericitic alteration, Fresh 
muscovite is developed along 001 and 010 cleavage planes in some instances, 
Biotite (8%) occurs as slightly chloritized flakes containing occasional 
zircons with accompanying pleochroic haloes, Muscovite (5%) and opaque 
oxides (2%) are accessory minerals. 


A clean biotite concentrate with a trace of chlorite was 
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separated from the 60-120 mesh fraction of the crushed rock. 


DCG _ 259. A coarse-grained porphyritic granite with hypidio- 
morphic-granular texture. Quartz (approx. 25%) occurs as large, subhedral, 
slightly strained grains with very few inclusions. Microcline microperthite 
(approx. 40%) forms large, fresh poikilitic phenocrysts up to 10 mms, in 
diameter with numerous inclusions of quartz. Plagioclase (approx. 10%) 
is subordinate and occurs as small, zoned (Anz9-Ango), intergranular laths, 
commonly slightly sericitized. Biotite (15%, @ = straw yellow, B = Oo = 
dark grey-brown) contains many pleochroic haloes from included zircon 
crystals. Muscovite (5%) is closely associated with biotite, some epidote 
and opaque oxides (2%). 

A biotite concentrate (40-120 mesh) contains less than Gy iron 
stained quartz and less than 1% epidote as impurities. Hyacinth zircons 
range from clear to dusty forms up to 0.5 mms, in length with elongation 


ratios of between 2 and 4, 


DCG_307. $A coarse-grained diorite with hypidiomorphic- 
granular texture. Quartz (approx. 20%) shows strained extinction and is 
virtually free from inclusions, plagioclase (approx. 45%, Angy-Any) shows 
normal and oscillatory zoning and has slight sericitic alteration. Horn- 
blende (approx. 15%, @- = straw yellow, 8 = pale blue-green, 2 = deep 
blue-green) and biotite (approx. 15%, G@= pale yellow, pf = o = rede 
brown) are closely associated. Some biotite is altered to pale green 
penninite (approx. 3%) with anomalous blue interference colours. Apatite, 
opaque oxides and zircon are accessory minerals. 

A biotite concentrate (45-120 mesh) contains 10% hornblende, 


5%@ chlorite and 2% quartz. 
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APPENDIX 3 


Chemical Procedures 

The analytical procedures for K, Rb and Sr are well 
established, but are listed here in descriptive form. The U and Pb 
methods have been discussed previously. 

Potassium (Double leach method) 

1. Weigh out (accurately) 0.25 gm of mica or 1.0 gm. of hornblende 
into a cleaned Pt. dish, 

2.  Moisten with distilled water, add 3 ml. 1:1 HpS50, and 10 mL."40% HF, 

3. Evaporate slowly to dryness, increasing temperature to fume off S03. 

4, Ignite over Tyrrell burner, then heat strongly for 1 hour on Meker 
burner. 

5.  Moisten residue with 10 ml. warm distilled water and transfer to a 
50 ml. beaker, 

6. Leach for 30 minutes on a steam bath, decant through 7 cm, blue 
band filter paper and repeat leach twice, The filtrate is collected 
in a 150 ml. beaker. 

7+ Transfer residue to filter paper and wash three times with warm 
distilled water, 

8, Transfer residue back to Pt dish, add 2 ml. 1:1 HoSO, and repeat 
steps 3 to 7 (inclusive), 

The entire filtrate is retained and used for estimation of 
potassium with sodium tetraphenylboron solution or by flame photometry 


(hornblendes), ‘ 


Potassium tetraphenylboron Precipitation 
1. Warm the filtrate from the previous stage to approximately 70°C, 
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2. Add filtered sodium tetraphenylboron solution in drops until precip- 
itation of KB(CéHs)y is complete. 

3.- Allow to stand for at least 2 hours. 

4, Check for complete precipitation with a few drops of NaB(C¢éHs)y 
solution, 

5. Filter through a weighed, finely fritted glass filter. 

6. Dry the precipitate for at least an hour at 105°C, 

7e Cool the fritted glass filter and precipitate in a dessicator and 
weigh, 


8. Calculate % K50 (+ Rb20, Caz0) from the following formila: 


“4X0 = wt. KB(CéH5)u x 0.1314 x 100 
2 Sample wt. 


Flame photometry 
The filtrate from the double leach is made up to 100 mle 


This solution is aspirated directly into a Perkin = Elmer flame photo. 
meter. 

Comparison with a calibration curve established with standard 
solutions allows the concentration in pep.m to be read directly. The 


concentration in p.p.m. is converted to % Ko0 with the following formula: 


ol} 
G K50 bis = x 20 
ample wt. 


Rubidium 

1 Clean crucible in hot conc. HNO3, rinse, ignite at 900°C for $ hour, 
replace in hot conc. HNO3 for two hours, rinse in demineralized water, 
ignite, cool and weigh. 

2. Accurately weigh out sufficient sample to give approximately 15 gm, 
total Rb. This amount is determined by the Rb spike composition and 


a spiked ratio of 87Rb/85Rb of approximately 2.0 is convenient for 


eS 


-gtoetq [tiny eqorb al nofttsloe nosed ymedgettet mutboe betes Lit BEA | 48 | 
-otelqmoo af 4(oH39)8% to nottadt 


srrwod & tase te aot bende ef wall ak 4 


(i(aHa9)ael to eqorb wet s dtiw notdadiqtoeng eteLqn00 102 ieee 4 
~ ¥. of Caeree 


e 


snottuios 
-rotLit aealy betstix? ylontt ‘Sipeses 2 dpurorutt ned Lt - 
e09ROL 3a sxwod as tassel ts tot etatiqitoerq edt et 
bas rotsctazeb s at etatiqtossq bas wetLtt eealg bettiat edt food 8) 
afoot gatwolfot ent mort (OgeD ,OgdH +) Ogd R etatroiad 6 a 


r | 
OOL x #LEL.0 x w(sH30)a% ww _ Ot 


»oW Olamas 
eim OOF ot qt obam at dosel elduch eit mott etettIit efT ~~ 5 4 
-otordg emali tseufl ~ abitel 2 otnt yLioertb betaxtaes &f mottulos etdT 


bisbaeta sithw bevietidatee evtus antdJeuiifso a diiw mositequod 
eff .ylvoeith baer ed of .m.q.q at nottattweonos edt awolls ssotatoe 


. ° 


+6 Lomo gatwo flo? edd dttw Ok % o¢ bedrevace at .m,q.q af ac 


tw elfqmee = os 


,twod ¢ tot 9°90 ta ottngt ,eants «COUR .ono god as esaneis aseld a 
;rotew beatLatentmob af etn jexood owt 463 EONR .onod sod’ nb" boa! 
igtew bas Loco 

omg @f yletamixotqqs eviy of elames Snotottine tao | 
bas sotdbeoquoo cltge oe) toate af Jason at 


Wamu. % ne ee 
sot Snetaeynco at 0.S yLetantanrqys, to ~ to otter 


= le 
s 2» 
5 


= < > 
? J] = 


3. 


1. 


36 


be 


A~26 


mass spectrometric measurement, 

Treat sample with a few drops of demineralized water, add 5 drops 
conc. HpS0,, 5 ml. HF and 5 ml. demineralized water. At this stage 
the Rb spike solution is added quantitatively. 

Slowly evaporate to dryness at 300°C. 

Fume off S03 at 500.600°C, in fume cupboard. 

Ignite for $ hour at 900°C, 

Cool and take up in 2 or 3 ml. demineralized water. 

Centrifuge, if necessary, to remove cloudiness, 

Transfer to small silica glass vial, evaporate to dryness and cover 
with Parafilm until ready to load onto the mass spectrometer fila- 


ment, 


Strontium (spiked determination - unspiked similar but delete addition of 


spike solution in step 2). 
On a cleaned Pt. crucible lid accurately weigh out sufficient sample 
to give a 88sr/8sr ratio of approximately 2.0 if the sample is rich 
in Nsr) or a 87sr/86sr ratio of approximately 1.0 (if the sample is 
rich in 87S r*), 
Transfer sample quantitatively to a cleaned Teflon beaker and add the 
mixed B45, /86sy spike solution. The spike solution contains approxi- 
mately 10 micrograms of total Sr. The spike container is rinsed into 
the Teflon beaker with dil. HCl and 10 ml. of 1:1 redistilled HNO3 and 
10 ml. of 40% HF added. 
Evaporate to dryness at 100-120°C. under an enclosure with slightly 
positive air pressure, 
Moisten the residue with demineralized H20 and add 5 ml. of 1:1 HNO3. 
Evaporate to dryness at 120°C. and bake at 250 C, also under protective 


enclosure, 
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6. Moisten the residue with demineralized Hp70 and add 5 ml. of 
redistilled 1:1 HCl. Evaporate to dryness and bake under the 
protective enclosure. 

7. Take up the residue in a minimum amount (1-2 ml.) of 2.5 N redis-~ 
tilled HCl and transfer to a centrifuge tube, 

8. Centrifuge thoroughly and carefully add the supernatant liquid 
to the top of a prepared ion exchange columm (Dowex 50-X8, 200-400 
mesh). 

9. Allow to soak in, wash in twice with approximately 1 ml. of 2.5 
N HCl. 

16, Add the remainder of the 2.5 N HCl up to the point at which Sr 
elution commences and allow to run through. 

11. Place a cleaned 20 ml. beaker under the colum and elute out the 
Sr fraction. 

12,  SEvaporate to dryness under a protective enclosure and cover with 


Parafilm until ready to load onto the mass spectrometer filament. 


Lead _ and Uranium 

lhe techniques used for separation of these elements from 
the zircon solution are described in the body of the thesis (Chapter III). 
All glassware was cleaned in hot 10% NaOH, rinsed in distilled water, then 
further cleaned with hot conc. HNO3, washed with triple distilled (3D) 
water and wrapped in Parafilm until required. 

A dithizone stock solution is made up with 10 mg. of diphenyl- 
thiocarbazone (M.W. 256.32) per 100 ml. washed CHC13. 1 mm, of stock solution is 
equivalent to approximately 40 micrograms Pb. The solution is diluted 1:10 


with freshly washed chloroform for the final Pb extraction stage. 


ve 


to Ln & hhe bee Osi Aestterentmab ditty exhhi 
ont reba exled bua seemerb of efaseqeva) £08 Rel 


VT *? : > oe re) 


7 jee 


~sibet # 2.8 to (.Jm Saf) trons mumtatn & at cubteen eft a0 aT 
.odtd ogtizines sof lenses? bas ee 

btypll tostanreqee oft be yiiiletao baw etgpomasy egvttatalh's | 
OOH~00S ,EX.02 xewol) amuloo egasdoxe ack betsgetg » to got ett ed 


; . nf (deem 
QC. to .fm £ yletamtzorqas ddtw ested rut deaw ot deoe ot woLtA of 


18 doidw ga tatog edd ot qo LOH M 2.8 edt Yo tebahesior old BBA 
ener cavz ot wolfs bare seomemnco nohtyte: : 

edt tuo etule bas smloo etd tebar aedaed ‘fm 0S benseLo a eoalt 
nokdoad: “7 

djtw reves baa exsaotone evitsetorq a tebas avemytbh oF etaroqeva 
-toroma EL eodanontonye ezam eddy odmo haol oF vheet stain 


mort etnemetle ezedt to aotdareges to? bees segpiniioss ect ~ 

(IIT retqad®) eteodt edt to ytod edt mb Bedbaosdbets lack 

sedd ,tetaw belfivelh at beentt .HOsm ROL tod: 

(GC) oeListeth elqiee Mie Beduaw yQOUlt 5 

sehen 

-Iypedgth Yo .om OL ddtiw qm ebaw at ao 

ef aottuloe Avote to .mm t .¢ LOH) bedeaw oy pais 
OL:f bedwfth 22. soideios ef? 


ser 
yh Ae 


Se 


Anw28 


Chloroform is freshly washed with 3D water to remove HCl 
(or decomposition products, chiefly chlorine) from the preliminary 
cleaning. The chloroform should be kept away from sunlight. 

Potassium cyanide solution contains 2 gm./100 ml. and is 
made directly from lead-free analytical grade reagent. The solution is 
made 3% in NH for storage and use. Hydrochloric acid is purified by 
distillation of the constant boiling azeotrope in a fused silica still. 

Triple distilled (3D) water is prepared by passing normal 
laboratory distilled water through a cation exchange water softener, 
followed by slow distillation in a silica still. 

Borax flux is prepared by treating a 10% solution of hydrated 
sodium tetraborate (NapBy,07.10 Ho0) with a small amount of dithizone 
solution to extract lead and other heavy metals. The aqueous phase is 
then washed with cleaned chloroform, transferred to a clean platinum 
dish and evaporated to a syrup. This is very slowly dried and then 
ignited strongly to an anhydrous glass. The glass is cracked out of the 
platinum dish and broken into convenient sized fragments for use as a 
flux. 

The saturated NHyNO3 solution is made by dissolving 800 gm. 
of NH,NO3 in 500 mil. H50(3D). The solution is warmed, filtered and may 
be further cleaned with 15 ml. of washed hexone. The saturated aluminium 
nitrate solution contains 75 ml. conc. HNO3, and is purified by extraction 


with hexone just before use. 
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APPENDIX 4 


K-Ar, Rb-Sr and U-Pb calculations 


Analytical data are transcribed onto the calculation sheets 
illustrated in Tables 27 to 29, Although many of the calculations were 
carried out by hand in the first instance, all data has been recalculated 
by the computer programmes listed in Appendix 5, 

Samples of the calculations are given because they form the 
basis on which the computer programmes were written. Brief explanatory 
notes are given on the sample tables where they are required. 

The following additional data is necessary in order to 
complete the calculation sheets: 
pepem, °K = 1.0106 x % K,0 
PePem. 4Onr = 1.7846 x 102 x ec. /Oar/em. Catise ters) 

Argon spike composition: 


36y7/38ar = 0.000105, 40 nr /38ar = 0.00354 


Strontium isotope abundances in weight % for various initial 
87sr/86sr ratios are now calculated by means of an APL programme MA which 
sets up a matrix varying (87sr/86sr), in steps of 0.001 from 0.695 to 0.725. 


In the original Fortran IV programme (AGE) the most commonly used values 


were: 
87. ,86 84s. 86s, 875 885, 
("'Sr/" Sr), wt. wt. wt. % wt. % 
0.702 0.00536 0.09678 0.06873 0.82913 
0.712 0.00536 0.09668 0.06964 0.82832 


The relative isotopic abundances of natural uranium nuclides are: 


238, 
235y 


139.56 (weight ratio) 


137.8 (atomic ratio) 
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Pema eet sc! AKI NG Sie eee es Description: _tMuscovitest Mo mesh 

«sia BL CLE VE NOE Peomatitie vein in. a 
Sample We. 27/87 gm. ntuuininununinninnmcddutheeast granodiorite 
Spike No. woo Oo... J. BS. - 0.9 oe » Bl64 bx) 1. O62 = 8296.4 
I. Preparation 
Flux (Il... < Sample Wt.) Getter K] Leak testing 
kk] Sample (+ fier) Steel Balls Pumps 
[X Spike [x] C-trap Heaters 
Outgassing .... 6 pm. Thurs. IB. hrs. Torching: ..... [_x.around sample, S mins oo. 
II. Fusion 
[X} Cool flux x] Drop sarnple Introduce Spike Argon 

60 

Seal F-train Start fusion @5v) Trap H,O 


to 90V - 3 pm 
I. Transfer 


[X} H,O trapped with liq. N, x] Break seal [x Seal off P-train 
[X Seal off from pumps ] Short cleanup to TG,—160.... {x} Heat C-trap 
(} Drop furnaces from [x] Liq. N, on C-trap, 30 min. 

Ni-crucible 


IV. Purification 


(4 Preliminary cleanup to TG,—........ 13 PLE ee nae nea 
[% Gettered ee min. to TG, =......... [7s ree x] Sample trapped out 20 minutes 
V. Notes Trax me 
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= 9.067 x 1.0106 ppm 
= 9.163 ppm 


Peak height Scale factor Total argon Residual argon 


Corr. for M.D. 
40 — 7297 “x 30,000 = 239100 84.9 


239015.1 x 1.000 = 239015 


meee | O'165"x* 1000 = 8165 eR 


= 8164.1 x 1.0162 = 8296.4 
(negligible air argon correction) 
3g — (spike 35Ar) ------- x 
0.11 x 30 = ays ant 006 =, Erdee Rol-0G@4 = 2.79 - .87 
38 = 1.92 
viper (spike ~~ Ar) 
Ar = 239015 - (1.92 x 295.5 + 8296.4 x 0.00354) 
= 238418 .3 
= 0.034797 
‘ 238418.3 
Ree oor xD Fi ein tas) ae 10 Mae Cem TRI aLO® See eNO pam 
1.7137 x .034797 | 
Bete a oa ,. p.p.m 


Pee a J3loo 


4.34| 9.068 
ten? x 30 log] 3-4 0.9198 x (9:07) |= 2540 million years. 


% radiogenic ao = ae x 100 


= 99.8% 


Xd, = 0.585 x 10 Or 
p= ee a 197 !0 /yt 


40K /K = 0.000119 (Nier, 1950) 
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DEPARTMENT OF GEOLOGY, GEOCHEMISTRY 


Table 28, UNIVERSITY OF ALBERTA 
RUBIDIUM-STRONTIUM 
Rb-Sr No. Sample No. DCG 37 


DESCRIPTION: Whole rock, Yellowknife Group volcanics, W. of B shaft, 
Giant Property, Brock horizon, 
X~R-F SAMPLE PREPARATION 
Rb/Sr “= ,18 Sample weight is gm 
XRF 
Sr spike No, 62 Set IV, Total Sr, 240 ppm 
Rb spike No. 40 Set III, Total Rb 40 ppm 


HF 10 ml. HNO3 10 T)5° ml, 


5 ml HCl 
Total Sample Sr-spiked Rb-spiked 
(unspiked) 
Wt, Pt. lid and sample 5.1561 5.186334 26.7814 gem. 
Wt, Pt. lid alone 5.0915 5.091360 76.3101 em 
Wt. sample 0646 2094974 0.4713 gm. 


Wt. of sample Sr-spiked = 0.094974 Wt. of sample Rb-spiked 0.4713 


RUBIDIUM 
(87/g5) meas. = 1.5077 + .0011 ug Ros? = x = 18.192 
ug Roe? = 2,540 ug Roy” ug Rose = X = 0,139 


ug Rb? + ug Rbg? 


87 = 1 dt faut acl . - 18.192 +x 
/ 3 85 ug Rb§? + ug Rb? 0.139 + 2,.54x 


0.2145 + 3.9197x = 18,192 + x 


87 
87 _ ug Rb é 
ug Roe? = 6.1573 Pp wt, sample 3 


TE OO sof ofqmat +i | for 
»ttade &@ to .W\telasofov quord etimiwoLfeY ,tloor efodW iMOITaI 
efortiod doord ,ysteqord tnatd 
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od 55-08 (Om ot Ob, ABS i ee mT 
bedliqe.dii bertiqa-12 efqmse LstoT 
~ (bealtqacu) ees} 
mm «8S.3S | MRA i ae eigmse baa BEE I od 
my «L009 = - RELEOLZ 200.2 | ono 2 0: 
my = -EIS4,0 HVQHue0, 100. 
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STRONTIUM 


Measured Atomic Ratios: 


Spiked : *8/,, = 2,4884+ .0008 87/,, = 0.24775 +.00021 5*/g¢ = 

* : 0.62389 + .00025 
Unspiked : 1/°°/g¢ = .1184 + .0001 °"/a¢ = .7273 + .0006 
Normalized : 1/°8/g¢ = 0.1194 B7/a6 = .7242 + .0006 


86 


Jag X (PP/ ge) meas. (Srev, + 0.09678) = 0.8291N + Srow 


sp 


ee X 2.4884 (5,624 + 0.09678N) = 0,8291N + 1.417 

2.5463 (5.624 + 0.09678N) = 0.8291N + 1.417 N = 22,1453; from this value 
of N, provisional values (a) of 865, and ots, are found and a provisional 

value of S44 /86sp calculated. Comparison of this value with the measured 
ratio yields the mass discrimination which is then applied to the measured 
885,./865» ratio and the calculation repeated until the iterative cycle 


closes, 


N= 21.7751 ug/ .094874 gm. sample 


srl “ 
Isotope srJ, ug SYspe.tg SYsp, ug 
For (87sr/8sr) = 0.702 
82.91 wt. % 88 18.054 1.417 19.471 Normal Sr = 2,107/,094974 
= 22,185 ppm 
6.873 wt. % 87 1.4966 0.3856 1.882 
(a) 2-107 (final value)--7,731 
9.678 wt. % 86 2.143 5.624 7.767 
(a) 0,1167(final value)---3,2367 
0.536 wt. % 84 0.119 32120 3.239 


(a) 
(Oy ) cale. = 0.4170 (OH) ) meas. = 24239 x rr A MTG =.72% 
86 86 86 - 1.11% (final value) 
wt. ratio 0.4187 (final value) at ratio ; 
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SLUT + 4eS8 0 abe + #53,2) eat . 
eulav elit mort :€CHL.S8 =H TOT + HERS. O = (HBT300,0 + #83.2) € 
fanotetvor » bas bavot ets 16° bas 128 to (a) eevlay isabel 
2°8\x@%8 bn 
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SPIKED: 
87* _ 87 87 Go pg 86y 1 (glG7: 26287 
Sr | ee x ae) meas, X (Sry + 2 2 (Sry oe, 
(corrected) 
Pdey che ~ X .24775 x 9944 x 7.731 - 1.8822 = 0,0U46 ug 
84 
gr87* = 46 Bad ck Sr . 1.4966 + 0.0446 
sy 93 ppm alculated Bes. Ty, 
= ,7314 (wt. ratio) 
= ,7231 (at. ratio) 
UNSPIKED : normalized 


gro7* = alee X ak meas, X sro? ce srt? 


- 229.3 9 0646 
sro? = 0,06873 X ppm Sr” x wt. unspiked sample = 1.0181 ug 


WAS PS 2 0646 
sro = (),09678 X ppm sr x wt. unspiked sample = 1.4336 ug 
gro7* = (s X .7242 X 1.4336) - 1.0181 = 0.0322 ug 
S = bis 1 
Normal Sr Slr 
Ope 
Sr = ,4982 ppm eaaay 3 ocak 


87 
‘Sr* — 29322 = 0 0 2 
87,,N 1.0181 Ou 056 


87Rb _ 13.064 , 86 , Total Rb = 13,064 
Bs. = 22.185 D4 87 = 0,582 (at. ratio) +33.18 
epeaar ppm 
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Table 29 Department of Geology 
-_ | University of Alberta 
U/Pb Calculation Sheet 


Sample .. ZIRCON... .0.4..... ee (U/Pb No) ..... DOO NS g.daagG < & -GGGb: - - (Field No) 
Wt of sample . 0.4970 Pee Pie re gm +. wtof borax... Rae aah sic gm 
diluted fo *.7.4'.", 100 ee et etets 6 ot eee ml 
Contaminant lead:- 
common lead Lee I3.5 Ac 2 fort tgenes the arte my) - cogenetic mineral 
blank lead } :20.2. , 17,05 , 40,05 
URANIUM (assumes negligible Lees blank) meas Use /iaee =a aa OTe) LOT pep c 
J 5 
A a ip BN iy RUT 238 (9 061 ) x (4,287 )- (0.003 ) 
1238 a0) ye ecberes sp i 230g qa wel ; 
U 
Mae sds 735. Y4)'37-8 1- (2.061 ) 7 137.8 
eo wg 
100 


2 
238 _ ml dil vol Ag ese 
ppm ~ ml ace: i smp! wt (gms) 


2 fe rl tas A RE lee ated ee a ee 
‘ ppm BRACES Wess Seyi r RAL et ppm 


THORIUM (assumes negligible Th blank) meas ities ogy ees =, N/A ot 
232 232 ‘ioe 230 232 _ 232 
Th > 230 eM ray) AEN, Fo Again. = axe | ) x ( y=at ) 
UMM SS Sn as ivan bg 


rh 232. midilvol | ug The? 
Pen ~ ml aliquot * smpl wi 
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LEAD 


—_—<— 


Measured ratios:- 
micasured FATlos 


206 _ | 207 _ 208 _ 
I ees .....205 9: 17628. 2 -000T) ears in.9-19872_ = 00011. 
206 _ : 207 _ | 208 _ 
See 8 TS BOS aut Gee elle se a0 = 0000 
Compute 204 = 1.00 PhIR —~y 1; 2024 ,356.8 ,270.8 
t lead (2690 | om, a} 1213-5, 15), 33.5 | 
ee ommon lead’ ey) _ (14,0) "(15.25 (34. 0S---- (after correction) 


2010.5 . 341.8 . 237.3. (radiogenic + spike lead) 
(2010)"* * (34126) * (23378) 


p,207 corr (. 16995) p,208 corr (. 11781) 

Pb IR eeovo8eveee@e @eeeseeteoeee Pb iR eoeerevreveveevoeeeee eee eeee eee 
Pb ID ———» 1; 1687, ,290;5 1228.2 

subtract common lead {(....... m.y.)————> 13.5 0 15.0 | 33.5 


' Usoy: 2527 B40) 
1623.5. 275.5 .1194.7 (radiogenic + spike lead) 


pp206 corr (1.35902) Spo. 2s Oe eee 
M887 eee 1623 275.3 1194.2 


Pb*>° ID 
Spike composition pp208 = sub22zl80ily from, ue ppeo/ SON Alleady, yet An, ¢ yg 
prensors 048 Sales, 6 rE aa ad lt SPE y 
pbo09 
(1.35902) 
204 corr 
20 Cog) xag PROP yg PL2O Foe (1.35887) x (22.180) - (.0485 ) (85. 486) 
moo Pb ID P in _ = 35.4984, 
rad p20 corr Ph? corr 1 = (1.25884 Se tingoge yet eteesess PRM g 
| CS eee =(1. x (. 
5 208 5 206 
bab ID Pb” IR (1.35902) (. 11781) 
206 206 fenel Rac ak 50 70.9568 
2 aliquot IK _ Sas ee A eed dee 
Bid (1) 9 PPro (1D) * aliquot ID. = (95.478) x —5- ve IE 
id (70.9726) (285.60) 
p,206_ ml dil vol | wg Pb (IR) _ _ 100 70.9968 _ 285.70 


rad ml aliquot * smpl wh AQ or ee Aa Re ee gent ea? pen 
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Contaminant lead: 


206 
206 206 204-206 (Pb 
i Porad tS Pbyy ~wg Phy” x 204 © 70a" 
com r ——. Sa eaEaR SERRE iB 
206 (Pb, 206 (Pb708, 
204 Ph204 IR 204 ph204 com 
70.997) +(.0579 ) =~ (.00284) y 20% (2024 
ap snes” sk wes) CON on 20) prne0108014 0 so ue 
Son (2024 \oinng UiGrse) 
Full Blank: (take 1/5) phe die 0-5793 see, i? 
| , 20,2, , 17.05 , 40.05 10,2604 Tes ug 


Mees ex, 2600 m.y. common Pb = .I/,3.; 152.55, 169.5 ; 378,55 


blenk Ph =1.00 :29.2, ; 17,05 , 40,05 
Total contaminant Pb = 12.3 2.78 186.55 418.6 
contaminant lead pe-oneaitiony = Se — Ue: 14,0, : 5.2 : 34.0 


If contaminant lead differs substantially from the assumed common already used in computation, 


repeat computation using corrected values. (return to page 2) 


_— re ee eee ee ee ee eee ee ee ee es ee ee 


7,208 pp208 ,, 208, PRrO® corr 
rad = fee rod = 205 “206 
Pb? IR 
= 285,69... «208 11781 i ECTIION a “ 
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rad ppm "rad * 208 \ 5,208 “IR 
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Check of ID vs IR : 


eeeeeeeeee 


ID: 
206 206 
207 Bo rrad Gabe sp Lt ahd 207 
rad 206 p26 corr oe sp 
gee. ID 
= ae ee ee ll Seeicgt ese pane 
soy x 5.895 <teAB.66) pom 
206 206 
ug Pb + ug Pb 
pb208 a rad Sa A aie pp208 
_ 206 corr Li 
206 (Pb? 
208 pi208 ID 
: Boome 3 0485 5) (8 =... 47222000... 
206 | 
A .. Pb_ ppm Pb_ mass of U isotope 
plomgERGH OS sex bem UPS cmassoF Pb .Isofope 
Nuclide ppm (0.3593)* 
238 918.18 VEL bin Pn Ee ae 
Souk Nera 918.18 (8. 419)* 
me 6579 235 48.773. _ 8.4 
07 Keen hs clits ls cue ciel stand 
939 The Onay 
Th an ee ane 232 
(33 “910)* pote ef at AN i Oe ar 
208 sae9/3 
ee, 208 
ia (48. 774)* (0.17001)* 
Pb BaOeTA3 +. alitesas —. O16995 
(285 .5})* MOSIR ~ crcstettesseseseees 
ph? 285.60. 
*Computer calculated values. 
aS ile = [1.56 x lo OA: 
A. 235 
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The composition of common lead used in the preliminary 
calculations carried out by hand was an approximate average of the results 
recorded by Robertson (1966) for common leads extracted from veins in the 
Yellowknife metavolcanics; viz., ~°6Pb/20Pp = 13.5, 2°7Pb/2 Pb = 15.0 
a 208pp /204 pp, = 33.5. 

When the calculations were repeated with the computer, the 
speed of this process made it possible to use an iterative procedure 
(APL programme UPBCOMP) to substitute the composition of conformable 
common lead of the same age (on the Russell - Farquhar model, Russell and 
Farquhar, 1960, Kanasewich, 1962) as the 2°7Pp/*96pp age of the analysed 
zircon. An example of both sets of results is given in Table 29, Because 
of the favourable 206 pp /204p, ratio of almost all the zircon samples, the 
results are indistinguishable within experimental error. 

The APL programme PBCOM is used to give a listing of the ratios 
206 pp /2 04, | 207 pp /2 pp and 208 pp /204 pp for concordant common leads on 
the Russell-Farquhar model according to the following initial data, 


to = 4.56 x lo~%yrs. 


Vo = 0.0654 X =a, -137.8V (edto _ QAtl) 
137.8 Vo = 9,012 x abet Dasteva (oh eu eXtl) 

Wo = 38.21 2 =a,-W (eNto _ 9 Mtl) 

a5 = 9450 N238y = 1.537 x 10-0/year 

bo = 10.36 X235y = 9.722 x 10719 /year 

Co = 29.49 M2320, = 0.499 x 1071°/year 


APL programmes MA, UPBCOMP and PBCOM were written by Dr. H. 
Baadsgaard and complete details of these brief programmes are available 


in the Department of Geology, University of Alberta. 
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APPENDIX 5 


Computer Programmes 


Four Fortran IV computer programmes were written or modified 
from existing programmes for this thesis, All programmes were initially 
written for the I.B.M. 7040 computer but were subsequently converted to run 
on the I1.B.M, 360/67 installation, The only programme which is entirely 
original is AGE which was written to carry out the iterative computation 
illustrated in Table 28, 


AGE - (U. of A. No. 450015) 

Input consists of seven I.B.M. cards on which are punched: 

(1) the sample number, (2) the measured spiked 8851. /86s x, 8757/86sy and 
B45, /88gy ratios, (3) the measured unspiked 865,./88s, and 8757 /86sy ratios, 
(4) the strontium spike composition, (5) the sample weights for Sr and Rb 
spiked analyses, (6) the measured 87 pb /O Rb ratios and (7) the Rb spike 
composition. In addition, the appropriate weight percentages of Ose, 

86s, | 87sr and 885, for the initial 875, /86sx. ratio assumed in the com- 
putation are prepunched for inclusion in the programme, 

The operation is rapid and there is no limit to the number of 
data sets which may be processed in one computer run. Output consists of 
a listing of the input data in order to detect possible punching errors, 
the computed 87sr/86sr ratio, amounts of radiogenic 87sr (spiked and 
unspiked), pepem. Rb, pepem. common Sr, Sr mass discrimination, 87Rb/86sr 
ratio (atomic ratio), normalized unspiked 875r /86sy and the computed ages 
(with both commonly used decay constants). 

This programme is now replaced in routine use by APL programme 


RBSRCOMP which carries out the same computations, 
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ISOCH (option LINYX) - (U. of A. No. 450012) 

This programme is basically the programme written by McIntyre 
et al. (1966). It was introduced to the writer by Dr. W. Compston of the 
Australian National University. In its original form (MS..0250) it was 
written for the C.D.C. 3600 computer at Canberra. When introduced to this 
University, it was modified to rm on the I.B.M. 7040 computer by Dr. 
Compston and subsequently modified te some extent by the writer for the 
I.B.M. 360/67 installation. tk. Pn were made at the suggestion 
of Dr. P, Arriens (A.N.U.). 


The programme uses independent estimates of the variance in 


8757/86 87 pp /86 


r and Sr ratios to compute a Rb.Sr isochron age and 8757 /86s, 
initial ratio. Turek (1966, pp. C6 to C-8) describes the programme in 
detail and the following description is taken, in part, from his thesis, 
supplemented by notes from Dr. Compston. 

The independently determined estimates of variance for the 
horizontal and vertical ordinates respectively, CONX, VAR(Y) and VAR(Y )onsp 
are punched on the first header card. (The latter two estimates are 
abbreviated to "Y" and "X" in Green et al., 1968). These estimates are 
discussed in Chapter III (Results) and their derivation is shown in 
Appendix 6, The second header card is a title card, The data cards are 
arranged in increasing values of 87 pp /86sr, Each data card contains the 
87Rb/86sr ratio, the 87sr/86sr ratio and an indication as to whether the 
data is from an unspiked or spiked Sr run and whether duplicate analyses 
are recorded, 

An estimate of the approximate slope of the isochron (B) is 
made from the extreme points. 
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The line of best fit is then obtained by minimizing the 
expression: FU= £W; (Y¥, -A-B rae , where Y;, X; are the means 
of 8757 /86sr and 87Rb/86sr ratios over ND; replicate assays from a rock 
Specimen. W is a weighting factor: 

Ws = 1/(Var(Y)3 - B~ VAR(X)4), 
where VAR(Y); is the known replicate variance (assumed to be uniform) 
of 8275p /86sy measurements (either spiked or unspiked) divided by the number 
of replicate assays, VAR(X) = c.x%, where C is determined by least squares 
weighting. For a normal distribution this weighting is proportional to the 
variance squared, i.e., to (8?Rb/86sr)4 This takes account of the non- 
uniform variance of 87 pp /86sy measurements. 

Raenetprenetonater be uinim secre Us ena Tak 18 Co) 
is solved by forming a cubic equation (see McIntyre et al., 1966) and 
determining A and B by iteration. The term FU has an expectation of N-2 
if all the errors are within experimental variance (where N is the number 
of rock sample points in the isochron plot). The computer programme forms 
the best straight line and calculates FU/ (N-2)= MSWD = mean square of 
weighted deviates. 

If the variance is within experimental error, the MSWD is< 1 
and the calculation stops (Model 1). If the MSWD is significantly greater 
than unity, the computation proceeds on to three other stages which attempt 
to describe the type of geological variation. In Model 2, variance in 
8757 /86sy is distributed proportionally to the B7Rp /SEsy ratio, in Model 3, 
variance in 87sr/86sr is distributed independently of the 87Rb/86sr ratio. 
Model 2 indicates that open system behaviour or redistribution of radio. 
genic 87s, is suspected and Model 3 is applicable to samples with differing 


initial ratios. The computer programme chooses one of these alternatives 
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on the basis of the smaller MSWD for the favoured model. Model 4, in 
practice, suggests that more samples are required in order to obtain an 


unequivocal result. The output follows the format of McIntyre et al. (1966). 


York (1966) deals with the problem in a very similar manner, 
first solving a "least-squares cubic" equation by substituting an approxi- 
mate value of the slope. It should be noted that W in York's programme is 
equivalent to 1/VAR in the programme of McIntyre et al. 

APL programme RBSRISOCHRON is essentially based on York's 
programme, Experimental data for 87Rb/86sr (either spiked or unspiked) 
form an input matrix and the estimates of experimental variance are fed 
directly into the programme for later inversion to give W. The output 
gives the slope and initial ratio with estimates of the uncertainties, the 
value of MSWD, the centre of gravity of the data and the age with 68% 


confidence limits, 


KARG - (U. of A. No. 450025) 

This programme was written by Mr. R. K. O'Nions. It is based 
on the relative error aaeeiion given by Kirsten (1966, p. 32) and calcul- 
ates the date and the analytical and total uncertainties for K-Ar data. 

The total relative error which results from relative errors in 
decay constants and *ar«/40K ratios is given by partial differentiation of 


the KeAr decay equation: 
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The analytical error is given by the second term alone; 
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and is calculated from the following estimates of the experimental precision: 


all samples 40, + 1% (Baadsgaard, 1965) 


micas K20 + 1% (167, based on duplicate determinations by the 
writer, Mr. R. K. O'Nions, Mrs. A. Leech and 
Mr, A. Stelmach) 

hornblendes K50 ha 3% (16°, O'Nions obtained a standard deviation of 


2.86 for a series of 9 duplicate determinations 
by the potassium tetraphenylboron precipitation 
technique. Experience in this laboratory and 
others suggests that the flame photometric 
method gives a similar precision). 
Input for this programme is by means of a single card for each 
sample, This card contains the sample number, p.p mM. 40a, and wt. % K»0. 
The output gives the sample number, p.p.m. 40x, 40g» [40K ratio, the age in 
millions of years, the analytical error and the total uncertainty. 
The programme is used to provide a check on the dates read from 
a prepared table of 40 4p /#0K ratios in addition to the analytical uncertainty 
(167). Prepared tables of /Oar/40K ratios versus dates form a separate sub- 
programme and are used also to convert data from other sources (which may 


be based on slightly different decay constants) to the decay constants 


currently adopted. 


CIPWNORM ~ (U. of A. No. 450021) 

This programme was initiated by Mr. W. Morgan of Townsville 
University College, Queensland, Australia, In its original form, it was 
written in Fortran II for punch card input and output. The output format 
was completely rewritten to take advantage of the speed of the I.B.M. 360 
on-line printer, 

The programme computes a slightly shortened version of the 
C.I.P.W. norm, Normative minerals chromite, fluorite, NaCl, NaoSO,, pyrite 


and zircon are not calculated. 
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Details and listings of all the programmes referred to in 
this appendix are deposited in the Department of Geology, University 


of Alberta, from which they may be obtained on application. 
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APPENDIX 6 
Error analysis 
KeAr 


Experimental errors introduced in potassium and argon analyses 
form the basis for the calculation of analytical error and total uncertainty 
in Appendix 5 (Fortran IV programme KARG). With increasing age, the influ- 
ence of analytical error on the experimentally determined date decreases 
because of the exponential term in the second term of the relative error equation 
quoted in Appendix 5. For this reason, the relative errors in Archaean rocks are 
well within the uncertainties introduced by the precision of the decay constants, 
Analytical errors (+ 16°) on micas range from + 26 to + 28 
mey. and the total uncertainties between 80 and 90 my. while analytical 
errors on hornblendes are higher, + 41 to + 57 my. and the total uncert- 
ainty is as much as 226 my. On this basis, the 50 my. interval adopted 


in the histograms (Figs. 15 and 16) is a reasonable choice. 


Rb-Sr 

Errors in the Rb-Sr isochrons are treated at considerable 
length both in the text and in Appendix 5. To restate the problem briefly, 
it is desired to use regression analysis to draw a line of best fit through 
the experimental data, giving appropriate weight to the various data 
coordinate values and to determine whether the scatter in points is 
Within analytical error or may be accounted for with a geological explan- 
ation. Computer programmes ISOCH and RBSRISOCHRON fulfill this function 
and determine error limits at the 26 and 16’ limits respectively. It 
should be noted that the somewhat larger errors developed in the treatment 


of the isochron for the Yellowknife volcanics compared with the errors 
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quoted for the less precise isochron drawn for the Cameron River volcanics 
are a result of this difference in the level of confidence expressed in the 
error limits. 

The data used to compute the values of variance for the Fortran 
IV programme ISOCH used in Green et al. (1968) are given below: 

Note: Variance = (6°)*, wheres” = standard deviation 


Variancg between duplicates (1 degree of freedom)= (Dupl.4 - 
Dupl.2)“/2 


875 /86sr variance 


VAR(Y) - unspiked | 


0.36 x 1078 ae 

0.16 x 107% Measured values of ’sr/ Sr: 1.087, 1. 086;.1.086,.1,.088, 

x 107; 1.089, 1.089, 1.088, (1.079) 

2650 ax ILO 

a x Tos? Mean = 1.0864 

he x 105 

2449 x 10-6 VAR(Y) for 6 samples of the Prosperous Lake granite (one 
sample rejected). 

Lee ik loge Measured values of 8757. /86s,; OB 722 oe Gl hie 7O0Ls 

0.36 x 10"% 0.78073 0.77090, 0.77084 

0.06 x 10” 

0 ,O7-x 10-6 VAR(Y) for 3 duplicate samples, DCG 8, DCG 75 and N 14 


These values are pooled to give a value of VARY) unsp = 1.95 x 109-6 
VAR(Y) = spiked 


34.81 x 10°¢ Calculated values of 87sr/86sr: 1.086, 1.080, 1.081, 1.077 
01 x 107 1.076, 1.078, 1.083 
so1ex LO 
9.61 x 107° Mean = 1.0801 
16.81 x 10-9 
Wl x 10-0 
8.41 x 107 


10.70 x 10-6 VAR(Y) for 7 samples of the Prosperous Lake granite 
The value of VAR(Y),, = 10.70 x 10-° is adopted. 
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87 Rb /S6sr variance 
conx = vAR(X)/(87Rb/86sr)? 

VAR(X) CONX 
4.0 x 10-6 195.6 x 107° 87pp/86sy vatues: 0.144, 0.142 -DCG 137 
‘0 x LO” 4.6 «107 (before Rb spike redetermination) 
3.6 x 1052 TEN ie a cra oa tral -N 17 
4.0 x 107 c(h sap lessons ts wh ele ote be ware 5 foe gn <S l 
8.1 x 1072 65x 1072 40.349, 40.375, 40.439 -N 6 
1.5 x 10-2 .93 x 107 
1.7 x 107 210 x 107 
2.6 x 107 1.59 x 107 

34.22 x 10° CONX for 4 samples, 2 in duplicate, 2 in triplicate. 

VAR(X) CONX 
5.8 x 1072 47.51 x 1076 Measured values of 87 pp /86sr: 10.9977, 10.9882, 
7.3 x 1072 60.07 x 107 2 10.9829, 11.1496, 11.077 
5.7 x sho 46.56 x 107 
8.8 x 107 .07 x 1072 = Mean = 11.0391 


8.3 x 1073 67.72 x 10” 
Au 639 x 10- CONX for 1 sample of the Prosperous Lake granite, 
analysed 5 times. 


These values are pooled to give a value of CONX = 38,13 x 10-6 


Further work is presently in progress to substantiate the claim 
made in Chapter III (Results) that the variance values are better than the 


values quoted by Green et al. (1968). 


As uncertainties in the slope of the line (b) are related to 
the number of samples by a relation of the form: 


2 
< W: bU = V 
oe = Ege OA DH) erro elere. 1066), 
- Z5 Wy UG 
an increase in the number of samples (n) reduces the uncertainty in the 
slope. For this reason, a minimm of 6 samples should be analysed in order 


to apply rigorous statistical analysis, 
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U-Pb 

Because of the generally excellent analytical precision of 
the mass spectrometer runs and the relatively high 206 pp /204 pH ratios, 
the Pb/Pb and U/Pb dates from the zircon samples have low error limits, 
The APL programme UPBCOMP made it possible to recompute the analytical 
data using V +16 or V - 1c. (where V represents the measured value) 
in appropriate positions in the calculation. The resulting Pb/Pb and U/Pb 
dates differed by less than 10 my. from those recorded initially. In 
Spite of this unsophisticated treatment, the data is seen to be of very 
satisfactory quality. 

An internal check is provided by comparison of the amount of 
radiogenic *°7Pb indicated by spiked and unspiked runs. The percentage 


difference, 


207 
% diff, = 100 41 —af Sane } , 
ug 7Pb* Spe 


is particularly sensitive. The value of this expression is greater than 
1.5% only on the two occasions when lower quality chart data was obtained for 
one of the mass spectrometer measurements. The percentage difference 

between the two values for radiogenic 207Pb content is unrelated to the 

206pp /204+ pp measurements, suggesting that the measurement errors are 


random and attributable to experimental error alone, 


The chords of the zircon concordia plot (Fig. 17) were fitted 
to the experimental points with a standard regression line, Since vari. 
ation on the x axis (206 py, /238y is much greater than that on the y axis 
(207 pp /235y) , regression of x upon y was performed, The slopes of the 
chords are given by the following equations: 


x= 23,930 y = 0.0760 (1) = South-east granodiorite 
x = 25.508 y - 1.0018 (2) - Western granodiorite 
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A=50 


ive. 2°7pp/235u = 23.930 (2° Pp/238y) - 0.0760 (1) 
and 297 pp/235y = 25.508 (295pp/238y) ~ 1.0018 (2) 


Since the standard deviations of the slopes are: 


2 
Gj = .073 and 6> = .065, respectively, (S = / ( (true x - calc. x)“ ) 


fine 


it is possible to test whether the slopes are distinct: 
6 J - Be 
1 fe 
= O44 

It is clear that the slopes are distinct at the 95% confid- 
ence level. 

Although the 2°7pp/206pp ages of these two bodies are distinct 
(Table 26), the upper concordia intersections are not distinct at the 95% 
confidence level (826 ), This is a result of the upward convergence of 
the concordia chords. Intercept ages and error limits were established by 
Simultaneous solution of the decay equations controlling the concordia 
plot and the equation representing the concordia chord. This is most 
simply carried out by trial and error. The initial intersection age is 
first established, the slope is increased by 26” and the process repeated. 
The resulting error limits overlap although there is a better than even 


chance that the ages are distinct, 
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